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TV SCREENS FOR HANGING 


During the recent CeBIT Show in 
Hanover, Germany, Fujitsu an- 
nounced that, after many a false 
start, the flat-screen TV is about 
to enter the market. 

Consumer giant Philips, to- 
gether with subsidiary Grundig, 
will use Fujitsu’s 107 cm (42 in) 
flat panel plasma displays in a new 
range of colour TV receivers. 

Consumers have been asking 
for years for a television set that 
can be hung on the wall like a pic- 
ture. The introduction of wide- 
band television has intensified this 
demand, since 16:9 ratio cathode 
ray tubes (CRTs) are very deep, 

Most TV manufacturers have 
been searching for years for an al- 
ternative to the CRT. Systems like 
liquid-crystal displays (LCDs), 
projection TV,  digital-mirror 
screens, lasers and multi-cathode- 
ray tubes have been considered 
and deserted owing to lack of suc- 
cess, At last, Fujitsu has shown 
that it is now possible to produce 
perfect images on a wideband 
television receiver. The display 
unit shown at the CeBIT is only 
10 cm deep. 

The plasma screen in the dis- 
play unit has a reading angle of 
about 160°. Until recently, these 
screens were available in mono- 


ON THE WALL 


chrome versions only. However, 
combined efforts of the Japanese 
manufacturers and the Japanese 
government (with the aim of hav- 
ing an HDTV receiver with 
plasma screen available for the 
Winter Olympics in 1998) has put 
the development of a colour 
plasma display into top gear. 

The front of the plasma dis- 
play is a sheet of special glass 
whose rear is coated with a dielec- 
tric film, on top of which is a thin 
layer of magnesium oxide (MgO). 
The clectrodes that produce the 
picture display are contained in 
the dielectric film. 

The glass at the front is separ- 
ated from that at the back by a 
grid that provides a certain space 
between the two sheets of glass, 
Red, green and blue dye material, 
as well as an addressable elec- 
trode, have been inserted into the 
free space so created, 

Where the carrier and the ad- 
dressable clectrode meet, a local 
discharge in xenon gas is brought 
about by a high-voltage pulse. The 
ultraviolet radiation released by 
the discharge actuates the dye and 
ensures a clear and relevantly 
coloured pixel (=picture element, 
iec., spot of light). Each pixel, 
measuring 1.08 mm by 1.08 mm 


The Japanese firm of Fujitsu has developed a plasma display that is used by Philips and 


consists of a green, a red, and a 
blue dot, The display has a resolu- 
tion of 562x480 pixels and mea- 
sures 920x518 mm. The plasma 
panel has a peak brightness of 
300 cd cm~ and a contrast ratio of 
70:1. 

The plasma display technology 
has one significant flaw: the 
brightness of a pixel cannot be 
modulated, In the Fujitsu display, 
this difficulty has been solved by 
driving each pixel eight times per 
cycle. The drive to the screen oc- 
curs at a frequency of 400 Hz. 

The breakthrough in the de- 
velopment of plasma displays 
came about once the drive and the 
conversion of ultraviolet light into 
visible light had been enhanced 
considerably, 

There is, of course, a substan- 
tial amount of electronic circuitry, 
such as the receiver, the audio 
section, and the drive circuits, to 
go with the display to form a com- 
plete television receiver, but this is 
contained in a separate enclosure 
that can be stored away from the 
display. The display, which weighs 
a few kilograms (about five 
pounds), can be hung on the wall 
as shown in the photograph. 

Philips expects to have re- 
ceivers in the shop by the end of 


Grundig in a new wideband television receiver. Since the display is only 100 mm deep, it 
can be hung on the wail, while the remainder of the receiver is stored in a separate enclos- 
ure elsewhere in the viewing room. 
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this year, but don't rush to your 
dealer just yet: the initial price is 
likely to be close to £9,000. This 
price is expected to be halved to- 
wards the end of the century, 
when the manufacturers hope to 
sell one million units worldwide. 

The first sets will be aimed at 
the high end of the market and 
will include Dolby Surround 
Sound, PALplus signal processing 
and Megatext. Moreover, inter- 
faces for connection to PCs, such 
as VGA and TTL, will be pro- 
vided as standard, 


BRITISH 
SCHOOLS LEAD 
THE WORLD IN IT 


Pupils at schools in Britain have 
more access to information tech- 
nology than in any other G7 na- 
tion, according to an independent 
study published by Research Ma- 
chines, a leading supplier of edu- 
cational technology, The report 
revealed that UK secondary 
schools provide twice as many 
computers per hundred pupils as 
in Germany, and that the UK is 
further ahead than Japan, France 
and Italy, Only Canada and the 


USA approach the UK ratio of 
one computer to 8.5 pupils, and 
Britain ts the only country of the 
seven to have at least one com- 
puter in every primary school. 


BRITAIN LEADS 
EUROPE IN LIB- 
ERALIZING TELE- 
COMS SERVICES 


Proposals by the Department of 
Trade and Industry to license new 
international telecoms services 
have resulted in 46 companies 
applying for licences to provide 
international services over their 
own facilities. According to 
Britain’s Science and Technology 
minister, lan Taylor, this shows 
that the UK has gained a lead in 
Europe by early liberalization of 
its telecommunications market. 
The government remains com- 
mitted to developing a strong, 
competitive UK telecommuni- 
cations industry, Increasing com- 
petition in every sector of the 
telecoms market means cheap, 
high-quality telecoms services be- 
coming available to companies 
across the UK industry, which 
boosts the nation’s compcetitive- 
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ness and its attractiveness to in- 
ward investors. 


CANINE AGENTS 
SEARCH THE 
INTERNET 


A British company has developed 
what it claims to be the world’s 
first software which uses intelli- 
gent agents to retrieve information 
from the Internet. AutoNomy, 
from AutoNomy Systems in 
Cambridge, allows a user to train 
the agents, represented as dog 
icons, to search and surf the World 
Wide Web in pursuit of informa- 
tion. Using artificial intelligence 
technology, the agents trawl the 
Net for any relevant information 
required by the user and return it 
to a user's PC without them having 
to surf the Web at all. Dr Michael 
Lynch. managing director al 
AutoNomy, says there has been an 
explosion in the number of sites 
and services available on the 
Internet and this has led to diffi- 
culties in obtaining information on 
a particular subject or from a spe- 
cific organization, Among the 
other benefits of the system arc 
that the agents can be posted to 
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Internet provider like an e-mail 
message and perform their 
searches ‘off-line’, saving the user 
the telephone costs; documents 
retricved by the agents are 
automatically linked together 
using highlighted words or hyper- 
text links on a user’s PC for easy 
analysis. Moreover, agents can be 
trained to alert parents to porno- 
graphic and other undesirable 
information on the Net. 


AMATEUR MATH- 
EMATICIANS: 
UNITE! 


Mathematicians working at the 
Cray Research Unit claim to have 
discovered the eel oe prime num- 
ber so far: 2'.2>%-/8?_1_ Finding 
such a number is a colossal task, 
which proves the extraordinary 
power of the Cray T94 super com- 
puter, Even on this giant machine, 
it took more than six hours to 
prove that the number could not 
be factorized. 

Their finding, which can be 
found on the Internet at Aftp:/) 
ality. sgi.comicspitocce/nolliprime lpr 
ime.himil, has prompted a group of 
computer programmers to try to 
find the next largest (or even 
larger?) prime number using an 
array of PCs, This array is linked 
by the Internet and already con- 
sists of several hundreds of PCs. 
Any budding mathematician wish- 
ing to join up with them should 
contact = /ttp:/ 
puserve.com/homepages|justfor- 
funiprime.himl 
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LONDON’S NEWEST 
UNDERGROUND 
LINE SETS NEW IT 
STANDARDS 


When the extension to London’s 
Jubilee underground railway line 
opens in March 1998, £60m will 
have been spent on passenger 
safety and information systems. 
Among the innovations will be vi- 
sual ‘next station’ indicators 
aboard the trains; high-legibility 
information displays at stations; 
public-address systems that adjust 


E-mail: sales @ 


Elektor Electronics 


volume automatically to changes 
in background noise; and surveil- 
lance television giving 100% cover 
of all public places. Staff will have 
an information management sys- 
tems through which data will be 
given priority to display only es- 
sential information and act as a 
decision support system. If a prob- 
lem occurs with any equipment or 
an emergency ariscs, the informa- 
tion system will raise the alarm, 
log the incident and prompt staff 
with suggested courses of action 
and the follow-up operations to be 
undertaken. 


£50,000 AWARD 
SCHEME TO BOOST 
MULTIMEDIAPROD- 
UCT DESIGN 


British companies with fewer than 
250 employees and a turnover of 
no more than £16m can apply for 
awards of up to £50,000 to help 
them design the next generation 
of multimedia under a scheme an- 
nounced by the Department of 
Trade and Industry. The Informa- 
tion Society Creativily Awards 
(ISCAs) form part of the govern- 
ment’s Information Society Inia- 
tive. a £35m project to give British 
business a better understanding of 
communication technologies. The 
ISCAs are aimed at promoting 
the creation of digital content that 
can be used in online and interac- 
live media such as CD-ROMs, the 
Internet. digital TV, advertising 
and music. 


NEW METHOD OF 
NETWORKING 
COMPUTERS 


A new method of networking 
computers has been launched by 
UK computer manufacturer. 
AST Computer. Called Cen- 
tralan, the product enables up to 
12 sets of keyboards, screens and 
mice to be connected to a single 
desktop PC, allowing maximum 
use to be made of a single proces- 
sor and hard-drive unit. It is par- 
ticularly suited to less-processor- 
active applications such as word 
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processing and can cut costs con- 
siderably. Announcing the prod- 
uct Jast month, the company's 
general manager said: “Centralan 
is designed to complement exist- 
ing PC technology, not to replace 
it. It bridges the gulf which cur- 
rently separates the traditional 
PG and the networked com- 
puter.” Up to 12 users, two of 
whom can be connected remotely 
to Centralan via modems, can 
share files and printers and run 
multi-user applications. 


MULTIMEDIA 
POLICE KIOSK 
FOR LONDON 


The first multimedia police kiosk 
which enables the public to record 
crimes and incidents and make 
witness statements, face to face 
with a police officer, over an in- 
built videophone, will soon arrive 
in the London Borough of 
Newham. The kiosk will be open 
24 hours a day and can display text 
in different languages, pho- 
tographs and maps as well as full- 
motion video. Touch-sereen tech- 
nology produces local information 
on screen, such as maps, plus 
access to counselling and third- 
party information — services. 
Eventually, it will be possible for 
drivers asked to present docu- 
ments to police stations to do so 
remotely from the kiosk by using 
scanning facilities which will then 
forward the digital image of the 
document to a police terminal. 
Newham will be the first to install 
kiosks as part of an EU initiative 
to encourage the use of technology 
to improve community communi- 
cations. 


INTERNET USERS 
URGED TO CLUB 
TOGETHER FOR THE 
BEST DEAL 


Consumers in Britain will soon be 
able to club together on the 
Internet to negotiate discounts on 
products from holidays and cars to 
household goods. The Consumers 
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Association is to set up an Internet 
site called Which? Online before 
the end of the year offering a 
range of products. It will enable 


people wanting, for example, a 
particular make of car. to get 
together with other potential buy- 
ers to discover the cheapest dealer 
and then make an approach to him 
to get the best price. Of its 750,000 
members, the associations expects 
500,000 to be able to go on-line. 
The association also plans to put 
on-line a large library of reports on 
consumer goods and services. 


COMBINED CORD- 
LESS AND CELLU- 
LAR TELEPHONES 
ON THE HORIZON 


Pocket telephones that act as 
cordless handsets when in the of- 
fice and as digital mobile phones 
outside will be on the market in a 
few years, according to Britain's 
Science and Technology minister, 
lan Taylor. He announced re- 
cently that the Department of 
Trade and Industry had awarded 
space on the 1800 MHz band, 
currently occupied by Orange and 
One-2-One, to rivals Vodaphone 
and Cellnet, who are currently 
limited to the 900 MHz band. 
This means the latter two compa- 
nies will be able to develop 
phones that will operate at the 
higher frequency in the office 
wireless phone systems, and on 
the lower frequency when out- 
side. The two companics have 
made innovative proposals to pro- 
vide corporate customers with the 
facility to use dual-mode hand- 
sets. The plans involve the invest- 
ment of several hundreds of mil- 
lions of pounds in infrastructure 
over the next few years, and rep- 
resent a very significant boost for 
jobs in the telecom sector. 
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computer land, ex- 
sions for operating 
tems as well as for 
user programs are 
_ new arrivals every 
day. Hardware, too, is 
frequently updated. 
On average, a 
rocessor generation 
is superseded by a 
ore powerful one in 
less than a year. In 
‘the mean time, the 
computing power 
ises in steps as a re- 
sult of higher clock 
speeds. 


heart of each computer is called 
PU. Until about 10 years ago, lots 
processor families were in use with 
nous members such as the Zilog’s 
il’s 6502, Motorola’s 6809 and 
8086. Looking at today’s com- 
Intel seems to have gained the 
market share for CPUs, fol- 
t some distance by processor 
ufacturers supplying look-alike of 
tel architecture: AMD, Cyrix and 
Not everybody wants to 
Intel bandwagon, however 
and Motorola (the AIM al- 
have joined their forces and de- 
a competing product called 
‘etPC. Each of these three com- 
e their own reasons for sup- 
this development. Before long 
);a PowerPC-based com- 
em will appear on the mar- 
fill be a true chameleon in 
land. The technological basis 
puter is the PowerPC Ref- 
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processors — 


for PCs 


-Teleased. As we write this, a clock 
speed of 200 MHz is within the range 
of, most processor manufacturers. By 
mid-1998, the pundits expect, clock 
rates between 400 MHz and 800 MHz 
may be expected. 


eon en The structure of | THE X-86 ARCHITECTURE 
ter based on the concepts As most of you will know, Intel is the 
ose ied y the AIM alliance is aie designer of the x86 architecture. Right 


up to the 80486, all manufacturers have 
used (virtually) identical names for 
processors using this architecture. An 
80386 manufactured by Intel, for ex- 
ample, was 100% pin compatible with 
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of months, Intel will introdu 
“which, they say, is the firs 


plications in which 


could be registered as exclusive trade- 
marks. This means that a Pentituny or 
Pentium Pro processor is invariably 
processor produced by one of the Intel 
chip factories. 5 
The manufacturers of Intel look- 
alike processors are, of course, not to 
be overlooked when it comes to de- 
velopment activity. Besides Intel, man- 
ufacturers like AMD, IBM, Cyrix and 
NexGen are offering processors which 
nunning the 

Windows operating system, An im- 
portant drawback of this development 
is, however, that some microprocessors 
are tied to a certain motherboard type 
from the same manufacturer, The 
powerful NexGen processor, for ex- 
ample, will only run on, you guessed 
it, a motherboard manufactured by 
NexGen. By contrast, the current series 


of processors thrown at us by Cyrix 
almost — 


and AMD will cheerfully run 
any Pentium socket. +f 

All processor manufacturers, with 
the exception of Intel (the reference, 
after all) conform with the so-called 


Prating system. This independent 
speed test (Ziff-Davis Winstone 96) is — 
applied to measure and qualify the 


computing power of processors. A 


processor which matches a 150-MHz _ 


Pentium as regards computing power 
is given_a P-150 rating. For. 


system is of little use, and bound to ere- 
ate confusion, particularly if we remain 
aware of ongoing developments and 


the fact that the ‘distances’ between | 
‘processor families may get larger: 


The following sections: provide a 


cursory overview of the known PC 


processor families. 3 


THE X86 LINE 


Intel has two processor families ¢ ail- 
able for desktop systems: the m © 


(a fifth-generation processor) and the 
Pentium Pro (sixth generation). Ar- 
guably, these processors are s1 
improvements. Within the next co 


of ‘the x86 instruction 


eXtensions. Included in the } 
struction set are special co 
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‘ant function. 
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plain — 
users this kind of testing and rating © 


to be realised. The multiply- 
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touches are made to 
the P55C, a fifth-gener- 
ation CPU from the 
Pentium family mem- 
ber which is the first to 
feature the MMX in- 
struction set. Not for- 
getting a clock speed increase to 
200 MHz, these are the essential de- 
velopments on the Pentium front. 
Another, equally interesting, devel- 
opment is the design of a Pentium Pro 
derivate which also features the MMX 
instruction set. At its introduction, the 
processor will be produced in 0.35-mi- 
cron technology, and operate at a clock 
frequency of 200 MHz. Later versions 
are expected to run at 300 MHz. An 
important difference with the Pentium 
Pro is the absence of the costly on-chip 
level-2 cache memory. The integrated 
level-1 cache, on the other hand, is 
said to become larger. 
According to informed 
sources, the successor 
to the Pentium Pro, 
called the P7, will not 
make it to introduction 
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before the summer of 
1998. This processor, 
co-developed by Intel 
and Hewlett Packard, is 
aimed at introducing a 
new 64-bit wide in- 
struction set consisting 
of VLIWs (Very Long Instruction 
Words). It is, however, intended to 
maintain compatibility with the x86 in- 
struction set as well as the set for 
Hewlett Packard’s PA-RISC. Thanks to 
the VLIW concept, instructions may be 
coded in a constant, partially parallel, 
form, which makes the process of de- 
coding the instructions much simpler 
as well. 


COMPETITORS 

As noted earlier, alternatives to the 
Intel processors are offered by, among 
others, Cyrix, AMD and NexGen. 
AMD, now the owner 
of NexGen, recently in- 
troduced the AMD-K5- 
PR75, a fifth-generation 
CPU which is launched 
as a direct rival of 
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Intel’s Pentium processors. The K5 
processors, of which the core structure 
is shown in Figure 2, contain a K86 su- 
perscalar core, a 16-kBytes instruction 
cache and a data cache with a size of 
8 KByte. On average, this beast has 
about 30% more processing power 
than a Pentium processor running at 
the same speed. The K5-series proces- 
sors are Pentium-compatible. AMD has 
announced the AMD-K5-P166 for the 
first quarter of 1997, 

Life does not stop at the K5 proces- 


sor, of course, and AMD have already 
revealed their strategy around the K6 
(a sixth-generation processor series). 
As far as computing power is con- 
cerned, this CPU is claimed to make 
the Pentium and Pentium Pro take a 
back seat. The K6 also sports MMX in- 
structions to speed up multimedia ap- 
plications. For this purpose, AMD has 
signed a licence agreement with Intel. 
Trial production of the K6 will com- 
mence during the first six months of 
1997. Volume production, AMD hope, 
will not present problems any more by 
the end of that year. 

Until recently, NexGen used to be 
an independently operating manufac- 
turer of Intel-compatible processors 
which were sold under the type desig- 
nation Nx586. These processors make 
use of the RISC86™ Microarchitecture 
which guarantees a high degree of 
compatibility with existing software, 
and is open to extensions. Thanks to 
this architecture, x86 instructions may 
be processed at a speed which is typi- 
cal of a RISC processor. For the chip de- 
signers, the RISC structure is a wel- 
come feature because it takes up far 
less space. Furthermore, the processor 
provides 16 kBytes of instruction cache 
memory and an equal amount for data 
cache. That’s a lot compared to, say, 
Intel's Pentium which has just 8 Kbytes 
for data cacheing. Finally, the L2 cache 
controller is fitted externally to the Pen- 
tium, while the Nx586 has it on the 
chip. 

AMD and NexGen, currently one 
company, are now involved in a re- 
design of the Nx686. This processor is 
designed to be pin-compatible with 
the Pentium, and is due for introduc- 
tion by mid-1997. With this processor, 
too, the focus is on multimedia exten- 
sions. Further developments of the 
Nx586 are not planned. 

The last CPU manufacturer to be 
mentioned in this article is Cyrix, a 
Texas-based company. Today, their top- 
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of-the-range product is the 6x86, a 
sixth-generation processor whose ar- 
chitecture is shown in Figure 3. The 
most powerful member of the Cyrix 
family ticks at a clock rate of 150 MHz, 
and has a P rating of 200, Cyrix, always 
a good source of sensational develop- 
ments, are currently working on a con- 
siderably enhanced version of the 
6x86. The first version equipped with 
multimedia extensions may be ex- 
pected by mid-1997. Additionally, the 
familiar soundcard and modem are 
reduced to an amount of software and 
a few simple external components like 
a D/A converter, Support for video and 
MPEG decoding is also implemented. 
Like Intel, Cyrix do not expect to be 
able to introduce a seventh-generation 
processor until the year 1998. 


POWER TO THE PEOPLE! 
Sometimes you get the impression that 
the PC market consist of x86-based sys- 
tems only. Actually, this is true if you 
look at sales volumes. There are, how- 
ever, a number of parallel develop- 
ments which may not be overlooked, 
including the PowerPC initiative 
brought to us by Apple, IBM and Mo- 
torola. 

PowerPC is a family of scaleable 
RISC processors which are being de- 
veloped for the market segments. 
Apart from processors for desktop PCs 
(the 600 series), there are also embed- 
ded controllers (the 500 series) and 
processors for servers (the 600 series). 
Within the framework of this article, 
we will concentrate on the CPUs in the 
600 series. Mass acceptance of the 
PowerPC is fraught with pitfalls, as the 
manufacturers of the PowerPC have 
found out the hard way, Ambitious 
plans launched a few years ago and 
aimed at preparing the market for ac- 
ceptance of the PowerPC did not have 
the desired effect. This was partly 
caused by the lack of a clear standard. 
The introduction of the PPCRP (Power 
PC Reference platform), previously 
called CHRP (Common Hardware 
Reference Platform) could well turn 
the chances in favour of this develop- 
ment. Thanks to PPCRP the user has a 
computer available which is capable of 
supporting all major operating sys- 
tems. This would mark the end of ri- 
valry such as that between Microsoft 
and Intel regarding Windows and Mo- 
torola an Apple regarding MacOs. 

The PowerPC is a genuine RiSC 
processor. By contrast, most x86 
processors are of the CISC type. When 
the RISC processors were first intro- 
duced, their main feature was that 
these CPUs were able to process any 
instruction in one clock cycle. Mainly 
as a result of enhanced instruction pro- 
cessing methods, modern CISC 
processors can match this processing 
speed without problems. In many 
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cases, the manufactur- 
ers achieve this by ap- 
plying RISC structures 
internally. 

Today, the PowerPC 
family you may find in 
desktop systems con- 
sists of the PowerPC 
602, 603 and 604. A 
PowerPC 601 or 603e clocked at 
100 MHz achieves a P rating of 100. 
The PowerPC 604 running at 150 MHz, 
however, achieves a rating of 200. 

Extensions like MMX in the Intel 
processor range are not anticipated 
with the PowerPC. According to Mo- 
torola, the powerful FP unit in the 
PowerPC makes special multimedia 
extensions superfluous, the current 
level of computing power being ample 
and sufficiently flexible. 
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The next PowerPC 
processor to be 
launched for desktop 
systems is the PowerPC 
620. This 64-bit wide 
computing giant is 
promised for introduc- 
tion by the beginning of 
next year. We are, how- 
ever, proud to lift some of the mystery 
around this computer by presenting 
the internal structure of the PowerPC 
620 in Figure 4, The differences be- 
tween the 604 (currently the top 
processor in the PowerPC line) and the 
new 620 are noticeable. The external 
databus of this 64-bit processor has a 
width of 128 bits, while a 40-bit wide 
address bus is used. An interface for 
the L2 cache is provided on-chip. The 
processing speed of this CPU is no 


ee 


fewer than four instructions: per 
cycle. Because of all these new features, 
the number of pins on the chip ha 
gone up from 304 to a staggering 62 


ARM, LOW-POWER 
COMPUTING POWER |. 
The last family of 32-bit RISC proce 
sors is the Advanced RISC machine 
(ARM), which was developed in Eu 
rope for a change. The most popular 
processors used these days were de- 
veloped on the basis of the ARM6 and 
ARM7 design macro. Because. of its 
(relative) simplicity (the ARM contains 
fewer transistors than any other 
processor), the ARM is easily inte 
grated into other chips. An intelligent 
ASIC, for example, having an internal 
RISC processor will not be a problem. 
As we write this, two new members of 
the ARM processor family are being — 
introduced. One is the ARM810, a chip 
which operates at a clock frequency 
well over 70 MHz, and is based on the 
new ARMB design cell (the computin 
pwer is 80 MIPs). The ARM810 is a to- 
tally static RISC processor with an ine 
ternal 8-kByte cache. Instructions are 
processed in a five-step pipeline, al. 
lowing the execution to be distributed 
over several periods. Figure 5 shows 
the elements which went into the: ar- 
chitecture of the ARM810. 
The other new product is the new 
StrongARM SA110 which operates.a 
more than 200 MHz. It uses a modifie 
ARM6 structure, and achieves a.com 
puting power of more than 200 MIPs. 
An interesting detail: the arithmetic 
unit in this processor (the SA1) con- 
tains just 115,000 transistors, which is 
a remarkably low number of active 
components compared with any com- 
petitive product. 
The SA1L0 marries the computing 
power of a Pentium (Pro) processor 
with the ability to power the chip from 
two penlight batteries. Compare this: 
a 100-MHz Pentium processor uses 
about 6 watts of supply power, and a 
90-MHz PowerPC 604, about 12 watts. 
The new StrongARM SA110 uses just 
900 milliwatts, so that itis number one 
for computing power relative to power 
consumption (MIPs/watt), and an 
cellent choice for portable equipmen’ 
Although StrongARM continues to 
build on existing ARM architectures 
the design is only modified by US 
based Digital to enable it to operate ¢ 
a clock sped of 200 MHz and highe 
Again as this article is being wri 
ten, the first ARM processors.are 
ing to appear which include a sp 
DSP function, called Piccolo. T 
processors are expected to. be 
fierce competitors of today’s fast 
By mid-1998, the first. Strong 
processors with an integrated D 
tension will become available. 
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The micro- 
_ controllers 
in the ST62 
family manu- 
~ factured by 
SGS-Thomson 
Microelectronics 
thank most of their 
‘popularity to their ver- 
satility and efficiency. 
They do, however, re- 
quire a special pro- 
grammer, of which a 
simple version is con- 
tained in the Starter Kit 
Supplied by SGS- 
Thomson. The project 
‘described here, how- 
ever, allows you to 
build your own ST62xx 
_ programmer with ex- 
_ tended features. The 
Circuit is suitable for 
: controllers in the 
ST621x, ST622x and 
ST626x series. 


Design by L. Lemmens 
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A versatile programmer 


for SGS-Thomson 
microcontrollers 


The present programmer is, in princi- 
ple, also suitable for controllers in the 
5T624x series, albeit that these devices 
require an expensive adaptor socket 
and some very intricate soldering 
work because of their enclosure forms 
(QFP80, OFP64 or QFP52). All con- 
trollers in the ST62 family feature a 
common core which consists of an 
ALU, a Flag Register, a Stack and a 
Control Unit (Figure 1). The difference 
between the individual devices lies in 
the size and amount of ROM, RAM 
and peripherals on the chip. The large 
number of pins on the ST624x con- 
trollers, for example, is caused by the 
integrated LCD driver with backplane 
and segment outputs. 

Among the standard features avail- 
able on all ST62xx controllers are a 
watchdog, an 8-bit timer/counter, an 
A/D converter and three 8-bit I/O 
ports (Figure 2). The ST626x types 


SPECIFICATIONS 


i» Programs all microcontrollers in 
the ST621x, ST622a and ST626x 
series 

im Simple construction, few parts 

uw» Software available via BBS/inter- 
net (free), or Readers Services. 


have added features such as a serial 
interface and an auto reload timer 
which enables, among others, a PWM 
control to be realized in a simple man- 
ner (Figure 3). 

Table 1 provides an overview 
which shows that not all I/O lines of 
the ports (column I/O) are actually 
bonded out to pins on the IC. Else, 
there would have been 24 I/O lines. 
The column marked A/D indicates 
how many of these lines may be 
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linked to the A/D converter. Similarly, 
the LED column shows how many of 
the pinned I/O lines are capable of 
sinking 20 mA to drive, for example, 
LEDs, opto-isolators or triacs directly. 

The configuration of the I/O pins 
may be altered during program exe- 
cution. The available hardware allow- 
ing, only software is required to 
change one and the same pin from an 
analogue input into a digital input 
(with or without internal pull-up, pos- 
sibly with interrupt), or into an open- 
drain or a push-pull output. Note, 
however, that this kind of versatility as 
regards the I/O pins may not be avail- 
able for all configurations. The 
datasheets state exactly which options 
may be selected for each individual 
pin. The pinouts of the controllers 
listed in Table 1 are shown in Fig- 
ures 4a through 4d. 

Having a maximum clock rate of 
8 MHz, the ST62 controllers are not in 
the fast lane. For many applications, 
however, speed is less important than 
the amount of external circuitry you 
need for peripherals. Especially in that 
regard, the flexibility and versatility of 
ST62 controllers offer clear advantages 
over standard solutions, for example, 
Intel’s 80xx controllers. 

A striking difference as compared 
with other microcontrollers (e.g, the 
8051), is the absence of an external ad- 
dress and databus for the connection 
of external RAM or ROM. Conse- 
quently, these memories have to be 
used sparingly, especially as far as 
RAM is concerned. Although tricks 
may be used in this area (e.g., using 
an external EEPROM to store vari- 
ables and lookup tables), the actual 
program should only be stored in the 
ROM contained in the controller. Ob- 
viously, that has implications for 
ST62-based program development. 
Programs may only be tested in real 
time if you have a programmed con- 
troller available, and for that you 
need the programmer described in 
this article (yes, there are real time 
emulators, but these are far beyond 
the reach of many users) 


THE PROGRAMMER 
HARDWARE 

The programmer is connected to a par- 
allel printer port on your PC (LPT1 or 
LPT2). It is controlled via seven lines 
of the Centronics interface. The pro- 
gramming algorithm is proprietary in- 
formation which is not given out just 
like that by SGS-Thomson. You need 
not bother about that, however, be- 
cause the present programmer ensures 
proper programming without the 
need of extensive documentation on 
the programming algorithm. Although 
everything to do with the 
programming algorithm is 
arranged almost invisibly by 
the software and the pro- 
grammer hardware, it is still 
worthwhile to give a few 
hints concerning, the opera- 
tion of the programmer 
hardware (Figure 5). 

Pin 2 on the Centronics 
interface (bit D0) controls the 
programmer supply voltage. 
This is done to ensure that 
the programming, socket is 
voltage-free when a con- 
troller is installed or 
removed. LED D4 
acts as the supply 
on/off indicator on 
the programmer. An- 
other LED, D2, lights 
when the program- 
mer is actuated by the 
PC program. If you = 
wish to use the con- 
trol software contained in 
the ST626x Starter Kit, the 
signal on the D0 line is in- 
verted, and jumper JP1 and 
zener diode D5 have to be 
fitted. 

Pin3 (bit D1) switches 
the programming voltage at 
the TEST/VPP pin of the 
controller. As usual, the volt- 
age at this pin is raised dur- 
ing programming, in this 
case, to 12.5 V. During veri- 
fying or reading T3 is 
switched on. As a result, 
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ee ftoytea} EEPROM| 1/0 A/D LED 
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ST6265 4 128 ! 24 7 ia 5 
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zener diode D1 is short circuited so 
that the VPP pin is at 5 V. The presence 
of the 12.5-V programming voltage is 
indicated by LED D3. As a matter of 
course, the presence of the program- 
ming voltage also depends on the level 
at pin 2 (bit DQ): no programming volt- 
age without a proper supply voltage! 

Pin4 (bitD2) supplies the pro- 
grammer with a clock signal which is 
used for programming, verifying and 
reading. After being buffered by IC2e, 
this clock signal is sent to the OSCin 
(oscillator input) pin of the ST62 device 


0,01 TO amir 


ADDRESS / READ LINE: 


ae 9 
[eer] [secre foun 
TesT wT ce . 
rons ACTH 
NMI f TER APT 
aa Ten sd 
ae om 
ceciense| || mum 
ROM of EPROM 
Data nal i 
1028 Byres 1h) a — —h, 
an eres ny ae brey Kk vue) HD 
2: a eh 
jee all 
Stack eet y | 
pees teh 
STACK LEVEL 8 BIT CORE ¢ 
Bich LEVEL (2) BTA220) 25 
| 
eee | 


to be programmed. 

The available documentation does 
not provide much information about 
the signals on pins 5, 6 and 7 of the 
Centronics interface (bits D3, D4 and 
D5). It is clear, in any case, that the sig- 
nal at pin 6 (bit D4) is connected to the 
reset input of the controller via in- 
verter [C2f, while the inverted signals 
on interface pins 5 and 7 (D3 and D5) 
are taken to two port connections (PB6 
and PB5). With an 5T6215, the only 
feedback supplied to the PC by a mi- 
crocontroller to be programmed trav- 
els by way of PB7, inverter IC2a and 
the Busy pin on the Centronics inter- 
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face. This channel is used 
to return program memory 
data to the PC when an 
ST62 device is being read. 
Obviously, it is also essen- 
tial during device verification. 
Considering the small number of 
connections between the PC and the 
controller, data is conveyed in serial 
fashion. This is in contrast with many 
other controllers and EPROMs, where 
the data traffic is usually parallel (byte- 
wise). Because of the limited size of the 
program memory contained in the 
ST62 controllers, a programming job 
will not take too much time, despite 
the fact that serial transmission is used. 
The power supply, consisting of a 
12V/500mA mains adaptor block, may 
appear to be rather small considering 
that a 12.5-V programming voltage is 
needed, Fortunately in this case, most 
mains adaptors have a relatively high 
internal resistance, which causes a 
much higher than nominal output 
voltage if a small current is supplied 
like the 25 mA or so required to pro- 
gram an ST62 controller. Also, the pro- 
gramming voltage is not particularly 
critical: 12 V is also fine for proper pro- 
gramming. Strictly speaking, the sup- 
ply voltage for the programmer should 
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be 15.5 V because a mini- 
mum voltage drop of 3 V 
should be observed for the 
voltage regulator. 


CIRCUIT BOARD, 
ADAPTOR BOARDS 

AND SOCKETS 

Because the hardware for the pro- 
grammer is relatively simple (com- 
pared with, say, a PIC programmer), 
the printed circuit board is spacious 
and neatly laid out. The artwork for 
the main board and the two adaptor 
boards is given in Figure 6. 

A standard Centronics socket for 
PCB mounting is used to establish the 
link to the computer so that a regular 
printer cable may be used. The mains 
adaptor is connected to a PCB- 
mounted socket. Note that reverse po- 
larity protection is not provided, so be 
sure to check the polarity of the d.c. 
input voltage before you insert the 
plug! In case the mains adaptor socket, 
K1, is not mounted, the two ‘+' termi- 
nals on the board (at either side of the 
socket symbol printed on the board). 
This wire link is also shown on the 
component layout, inside the symbol 
of the socket, and may be overlooked. 

The population of the boards (with 


programming sockets) is shown in 
three versions in Figure 7. On the 
main board, a 28-pin IC socket is sol- 
dered, into which another socket is 
plugged. The reason for doing so is 
simple: if a contact problem develops, 
the socket does not have to be desol- 
dered. Instead, you just plug in a new 
one. This saves unnecessary wear and 
tear on the socket soldered on to the 
board. ST6210 and ST6220 controllers 
are programmed directly in the socket 
on the main board. Next to the 28-pin 
socket for the T6220, a 10-way socket 
strip is fitted which allows 20-pin DIL- 
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style ST6210 controllers to be fitted 
using one row of the 28-way socket. 
Frequent use of the programmer really 
calls for a ZIF socket to be plugged 
into the regular DIL socket. Be sure to 
use a ZIF socket which is suitable for 
the 20-pin narrow-DIL case of the 
$T6210 controller. The type mentioned 
in the parts list meets this requirement. 
The plug-in adaptor boards are in- 
tended for controllers type $T6260 and 
ST6265. As indicated in the circuit dia- 
gram, the adaptor boards also contain 
SMD decoupling capacitors which 
have to be soldered straight on to the 
solder side of the adaptor board. 

To enable them to be inserted into 
the socket on the main board, the 
adaptor boards are fitted with two 14- 
pin pinheaders or socket rows with 
long pins. Longer strips (20-way or 36- 
way) may be shortened to 14 pins. If 
pin strips are used, make sure that the 
ends at the component side of the 
board are not taller than the other 
components. If necessary, reduce the 
length by cutting. The 6265 adaptor 
board is additionally fitted with two 
14-way socket strips which are 
plugged into a 28-way DIL socket. 
With frequent use, the ZIF socket may 
be plugged into this socket again (Fig- 
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ure 7a), else, the controller goes 
straight into the 28-pin IC socket. 

The situation with the ST6260 
adaptor board is slightly different be- 
cause this controller comes in a 20-way 
narrow-DIL case. If the indicated ZIF 
socket is used there is, however, no dif- 
ference with the population of the 
6265 adaptor board, because the ZIF 
socket is also suitable for the narrow- 
DIL case. As in Figure 7a, the adaptor 
board is fitted with two 14-way socket 
strips, into which goes a regulator 28- 
pin DIL socket. The ZIF socket is then 
plugged into the DIL socket again. 

If you do not intend to use a ZIF 
socket, the two 14-way socket strips 
are not required, Instead, the adaptor 
board is populated as shown in Fig- 
ure 7b and Figure 7c using two regu- 
lar, stacked, 28-way DIL sockets. 


THE PROJECT 
SOFTWARE 

The development as well as the pro- 
gramming software is of the Public 
Domain category, and may be down- 
loaded from a number of BBSs (bul- 
letin board systems). SGS-Thomson 
has expressed an intention to make 


this and other, related, software avail- 
able via the Internet, too, Their web 
site is at www.st.com. 

Apart from the software package 
for the ST621X-2X (ST6620KIT.ZIP 
called package ‘A’ in the following de- 
scription), there is a second one for the 
ST626x (ST626KIT.ZIP package ‘B’). 
The BBS will also hold files containing 
examples and FAQs (frequently asked 
questions). The telephone numbers of 
the BBSs are given at the end of this 
article. 

To obtain software from a BBS, you 
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2IF SOCKET 
c7,C8= SMD 


first dial the BBS. Once on line, you se- 
lect the desired software (.ZIP file), 
then download it using any of the 
popular file transfer protocols. Next, 
unpack the ZIP file using the familiar 
PKUNZIP program. 

In addition to the programming 
software, the packages also contain an 
assembler (AST6.EXE), a_ linker 
(LST6.EXE), a simulator (SIMST6.EXE) 
and examples. The “B’ package con- 
tains the newer version of the pro- 
gramming software which also allows 
the internal EEPROM to be pro- 


ST621X 
ST622X 


ZIF SOCKET 
3, Cid = SMD 
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grammed and read. Both program ver- 
sions (package ‘A’ and ‘B’) are equally 
suitable for the programmer described 
here, although the hardware of the 
programmers in the respective Starter 
Kits from SGS-Thomson differs con- 
siderably. The circuit in the first Starter 
Kit, for example, has buffering invert- 
ers on the Centronics lines. In the 
other Starter Kit, no buffers are used, 
instead, each line is protected with the 
aid of a series resistor. Fortunately, the 
software may be adapted: both pack- 
ages contain files with the extension 
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ZIF socket 


28-way DIL socket 
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adaptor board 
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14-pin SIL connector 


2 off 
28-pin DIL socket 
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DEV’. These files allow the polarity of 
he programming signals to be 
hanged. This simple solution does not 
pply to DO, however (supply voltage 
n/off control), whence the presence 
f jumper JP1. Set to position ‘A (with 
2), package ‘A may be used. When 
osition ‘B’ is selected (with zener 
iode), package ‘B’ may be used. As far 
as the use of the programmer is con- 
erned, and its features, it makes no 
ifference whether you use (after 
odification) package ‘A or ‘B’, 
Concerning the files with the DEV 
xtension, these are SETUPDEV and 
T626X.DEV. The first line of these 
iles is used to define the printer port 
sed (LPT1 or LPT2). Next come sec- 
ions for each type of controller in 
hich the polarity of the program- 
ming signals and the allocation of the 
memory is defined. Here, too, a dif- 
ference exists between the two pack- 
ages: the software for the ST626 series 
also supports reading from and writ- 
ing to the EEPROM inside the con- 
troller, an option which is not available 
with the smaller controllers. In the 
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mother board 
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DEV file you should indicate the num- 
ber of EEPROM bytes available in the 
device. A number of parameters must 
be set to appropriate values in the 
DEV files to adapt the relevant pro- 
grams to the controllers to be pro- 
grammed. Details may be found in the 
listings shown in Figures 8 and 9. 

Those of you who do not have a 
modem, or want to avoid the trouble 
of downloading and adapting the files, 
may order the fully modified and 
ready-to-run version of the software 
on diskette, through our Readers Ser- 
vices, under order code 966018-1. The 
disk contains the ‘B’ package with the 
necessary modifications to 
KIT626X.DEV for ST621X and ST622X 
controllers, plus a couple of program- 
ming examples from the ‘ST62-Micro- 
controllers’ book by Luc lemmens 
which appeared recently in the Elektor 
Electronics Library. 


PRACTICAL USE 
The programmer is connected to the 
PC via a commercially available printer 
cable, preferably to LPT2. 
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If you use the diskette supplied by 
us, make sure you first run the virus 
check as explained on the label. If the 
disk is okay, you may copy it to a suit- 
ably named subdirectory on the hard 
disk using the INSTALL program on 
the floppy. Irrespective whether the 
floppy disk is used, or the files copied 
from a BBS, Windows 95 users should 
read the inset tip. 

After starting ST6PGM.BAT or 
ST626XPG.BAT, the desired controller 
type may be selected from a menu. Fi- 
nally, the correct printer port is se- 
lected via the IOP menu. 

If everything is okay so far, only 
LED D4 lights, indicating that the sup- 
ply voltage for the programmer is 
switched on. As soon as the program- 
ming software starts to communicate 
with the controller (programming, 
reading, verifying), LED D2 lights also. 
In programming mode, the third LED 
to light is D3 which indicates the pres- 
ence of the programming voltage. 

The software apparently does not 
initialise the printer port straight away. 
Because of this, it may happen that a 
number of LEDs are already on when 
the software is started. This means that 
the supply voltage and/or the pro- 


21 


gramming voltage are present at the 
programming socket before the com- 
puter takes over the control over these 
voltages. As a safety precaution, it is 
therefore recommended to start the 
software without a controller fitted in 
the programming socket, and watch 
the LEDs. To make absolutely sure that 
the port is properly initialised, you 
may also want to run a dummy blank 
check, a dummy verify, or any other 
menu function with no device in- 
stalled in the programming socket, 
and only then fit the controller to be 
programmed (using the correct adap- 
tor socket). Experiments in our design 
lab did not cause damage on any of 
the controllers used, but it is better to 
be safe than sorry. 

When purchasing controllers, look 
closely at the type number. If a ‘T’ is 
printed after ‘ST62’, you are looking at 
an OTP version which may be pro- 
grammed only once, and can not be 
erased, Similarly, an ‘E’ stand for an 
EPROM version which is normally 
used for development work. Once the 
debugged and tested software is 
known to function properly in a cir- 
cuit, you may switch from ‘E’ to the 
much cheaper “T’ devices. The “E’ de- 
vice is then erased so that it may be 
used for another project. 

Finally, a tip. When programming 
a controller, make a note of the name 
and path of the relevant HEX file. This 
is necessary because the programming 
software is unable to display a direc- 
tory contents. Writing down the name 
etc. will save you time lost on quitting 
the program, using DOS to find the 
file, and starting the program again. 

(960105) 


Mailbox numbers: 


SGS-Thomson BBS in France, 
Tel. (+33) 42291416, (9600-n-8-1), 


Eurodis (Texim) BBS in the Netherlands, 
Tel. (+31) 53 5733373. 
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ST62E60B 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

1101 

<Eprom addresses> 

0080 OFFF 

0080 6 6—0FSF 

OFFO OFF7 

OFFC OFFF 

* 

ST62T60B 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 


‘2.0 2 

<OTP addresses> 
0080 OFFF 
0080 OFSF 
OFFO OFF7 
OFFC OFFF 

* 


Tip for Windows 95 


Users of Windows 95 should note that the ST6220KIT and ST626XKIT software 
does not work properly unless the following line is added to the CONFIG.SYS 


file: switches = /c. 


ST62E60B 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

Lziel 

<Eprom addresses> 

0080 OFFF 

0080 OFOF 

OFFO OFF7 

OFFC OFFF 

* 

ST62T60B 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

nA i 

<OTP addresses> 

0080 OFFF 

0080 OFSF 

OFFO OFF? 

OFFC OFFF 

* 

ST62E65B 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

1101 

<Eprom addresses> 

0080 OFFF 

0080 OF9SP 

OFFO OFF? 

OFFC OFFF 

ti 

ST62T65B 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

ti 8 1 

<OTP addresses> 

0080 OFFF 

0080 OFSF 

OFFO OFF7 

*ST62E10 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

0110 

<E2PROM bytes count> 

0 

<Eprom addresses> 

0800 OFFF 

0800 OFF7 

OFFC OFFF 

* 

ST62T10 

<Polarities of TM2, TROMIN, 
SBOP, OSC1> 

922 28 

<E2PROM bytes count> 

0 

<OTP addresses> 

0880 OFFF 

0880 OFSF 

OFFO OFF7 

OFFC OFFF 

* 

ST62E15 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

621% 


ST62E65B 
<Polarities of TM2, TROMIN, 
SDOP, OSC1> 


£26 dt 

<Eprom addresses> 
0080 OFFF 

0080 OFSF 

OFFO OFF7 

OPFC OFFF 

* 

ST62T65B 


<Polarities of TM2, TROMIN, 
SDOP, OSC1> 


a sae Da | Uae 8 

<OTP addresses> 
0080 OFFF 
0080 OF9SF 
OFFO OFF7 


* 


<E2PROM bytes count> 


0 

<Eprom addresses> 
0800) OFFF 

0800 OFF7 

OFFC OFFF 

+ 

ST62T15 


<Polarities of TM2, TROMIN, 
SDOP, OSC1> 


0110 

<E2PROM bytes count> 
0 

<OTP addresses> 

0880 OFFF 

0880 OFSF 

OFFO OFF? 

OFFC OFFF 

* 

ST62E20 


<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

2 i 2 

<E2PROM bytes count> 

0 

<Eprom addresses> 

0000 OFFF 

0000 OFF7 

OFFC OFFF 

* 

ST62T20 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

01:10 

<E2PROM bytes count> 

0 

<OTP addresses> 

0080 OFFF 

0080 OFSF 

OFFO OFF? 

OFFC OFFF 

* 

ST62E25 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 


0110 

<E2PROM bytes count> 
0 

<Eprom addresses> 
0000 OFFF 

0000 OFFT7 

OFFC OFFF 

* 

ST62T25 

<Polarities of TM2, TROMIN, 
SDOP, OSC1> 

0110 

<E2PROM bytes count> 
0 

<OTP addresses> 

0080 OFFF 

0080 OFSF 

OFFO OFF7 

OFFC OFFF 


* 
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‘ollowing last month’s 
ocus on ‘Software for 
cuit simulation’, we 
now start a short = 


this fascinating sub 


based almost entirely 
ON SPICE, here con- 
ned in MicroCap V, a 
oftware package from 
yectrum. A demo ver- 
sion of the program is 
vailable free of charge 
anyone who asks for 
either from Spectrum 
irect or from one of 
gir distributors. A stu- 
_ dent version is also 
available (not free of 
Narge). The demo ver- 
n may also be down- 
aded from www page 
ttp://www.spectrum- 
soft.com. Spectrum’s 
e-mail address is 
103114.61@com- 

puserve.com 
Vhat’s more, a version 
‘demo program is 
vailable from us at a 
all charge. See the 
ers’ Services page. 
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SPICE was developed as a designer's 
tool but, now that it has become so 
widely available, it can also be used in 
training and education. Instead of get- 
ting hands-on experience of electronic 
circuits on the workbench, the student, 
the engineer or the hobbyist can get an 
equal or even wider experience by 
putting hands on the keyboard. Com- 
pared with assembling and testing a 
circuit on the workbench or bread- 
board, computer simulation offers the 
advantages of: 


» speed in ‘assembly’, circuit modifi- 
cations and testing 

a virtual stock of an enormous 
range of components in all possible 
values 

> no chance of burning out or dam- 
aging the components 

w the equivalent of an unlimited 
range of test instruments, signal 
generators, oscilloscopes 

precision timing of events 

w slowing down the circuit action 
makes it easier for the user to watch 
and record what is happening 

™ the subsequent opportunity to 
‘browse’ through the test results 


There are, of course, some pitfalls to 
be avoided when using a simulator 
and we shall look at some of these as 


we proceed. 

The various commercial simulation 
packages nearly all have the same 
SPICE basis but differ in the details of 
circuit entry, analysis and display. The 
simulator used to illustrate this series 
is Micro-Cap. Formerly available as a 
PC-DOS program as far as version LV, it 
is now further improved as a Win- 
dows™ version, Micro-Cap V. The 
analyses in these articles can be run 
also on Micro-Cap iv or on most of the 
simulators published by other com- 
panies, though the operating routines 
and the presentation of results will 
differ. To make the explanations eas- 
ier, the circuits are uncomplicated and 
can be run on 'Student or ‘Entry level! 
versions, and often on 'Demo' versions 
(such as the Demo version of Micro- 
Cap v), which permit the user to enter 
and analyse circuits of limited size. 

This month, we begin with some el- 
ementary circuits to illustrate the major 
concepts of spice-based analysis. In the 
condensed instructions, actions that 
follow one after another are linked by 
an arrow -+. This applies particularly 
to selecting from a series of menus and 
sub-menus. For example 'Component 
menu + Analog Primitives > Passive 
Components + Waveform Sources > 
Battery’ represents a sequence of click- 
ings on the items listed, as they appear. 
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Micro-Cap ¥ Demo - [C:\AMC5DEMO\DATA\CIRCUIT 1 CIR] ae eed 
«| Eile Edit Component Windows Options Analysis 
ce Ad 


Micro-Cap ¥ Demo - [DC Analysis} 


=| File Edit Windows Options DC Scope 


A ee 


SCHEMATIC 
EDITOR 

When using SPICE itself, 
circuits are entered by 
typing in a netlist, which is a list of all 
the components, their values and the 
circuits nodes to which they are con- 
nected. The netlist includes instruc- 
tions to the computer detailing the 
tests to be performed. Like other com- 
mercial simulators, Micro-Cap v (from 
now on referred to as MC5) provides 
for circuits to be entered as a schematic 
diagram, after which MC5 automati- 
cally converts this to its own form of 
netlist. 

When MC5 is first run, the 
Schematic Editor window appears, 
blank at this stage except for two rows 
of control buttons at the top. The com- 
ponent cursor (pointer with zigzag 
symbol attached) is already enabled to 
draw resistors. Move it with the 
mouse, then click on a position to the 
right of the screen centre. The Com- 
ponent window appears, with the part 
name, R1, already allocated. You can 
change this by clicking on the box and 
typing in a new name. Be aware that 
names such as ‘RC’ and ‘RE’ may cause 
confusion later, as these may be taken 
to be parameters for 
models of semiconduc- 
tor devices. Select VALUE 


Micro-Cap ¥ Demo - [DC Analysis] 


Input | Range 10, 0, 0.5 
Inpest 1 yl 
Number of Points o 
Temperature 27 


Maonmum Change [5 


P X Expesnon ¥ Expression 


1 |W 


vty 


the 


and enter the resistor 
value, in ohms; in this 
example, '820'. Leave 
the MODELline unal- 
tered, check the Display box to the 
right of VALUE (so that it shows a cross) 
to display the value on the schematic, 
and click on OK. The Component win- 
dow disappears and a resistor symbol 
appears, with RI and 820 beside it. 
These are green at the moment and at 
this stage can be deleted (by pressing 
the Delete key) if you have typed the 
wrong value. You can confirm this 
component by clicking somewhere on 
the screen, and it becomes blue with 
red name and value. But this also puts 
a second resistor on the screen. Only 
one resistor is needed here so, instead 
of clicking on the schematic area, click 
on the Component menu > Analog 
Primitives + Waveform Sources > 
Battery > back to the screen to place 
the battery left of centre. Press the left 
mouse key to obtain the symbol but, 
before releasing the key it, check that 
the symbol is the right way up - posi- 
tive terminal on top. If not, rotate it by 
holding down the left mouse key and 
clicking the right mouse key repeat- 


component 
name, V1. Enter 
VALUE = 9. Check 
the Display box 
again. 

To wire up the circuit, click on the 
4th button in the top row for Orthog- 
onal Wire mode. Draw the two wires 
shown in Figure 1. All spice networks 
need to have the Ground node speci- 
fied. Click on Component > Analog 
Primitives > Connectors + Ground 
~ place the ground symbol on the 0 V 
line, as in the figure. This completes 
the schematic but, to add node num- 
bers to the diagram, click the 8th but- 
ton from the right on the 2nd row. The 
ground line is Node 0; the other node 
in this circuit is Node 1. Now to find 
out if MC5 knows about Ohm's law! 


DC ANALYSIS 
spice has three modes of analysis, and 
the first we try is Dc Analysis. In this 
mode, all capacitors are open-circuited, 
all inductors are short-circuited, and all 
waveform sources are set to their ini- 
tial values. Then one or two of the d.c. 
voltage (or current) sources are swept 
over specified volt- 


edly, until it is correctly orientated. age (or current) 
Then release both keys. ranges and_ the 
The Component win- node voltages and 
dow reappears with branch — currents 
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calculated at each stage 
of the sweep. To see the 
effect of this, select the 
Analysis menu > pe 

Analysis. The pc Analysis Limits win- 
dow (Figure 2) lets you set the condi- 
tions for the analysis, but first run the 
cursor around the various boxes and 
buttons on the screen, to observe their 
functions, which are displayed in turn 
at the bottom of the screen. 

There is only one source in this cir- 
cuit, so type its name 'V1' as Input 1 
{replacing the word 'None’). A suitable 
Input 1 Range is 10, 0, 0.5, These num- 
bers specify the final value, the initial 
value and the step value of the source, 
in volts. Note the reversed order of 
final and initial values. Note also that 
the value 9V specified for V1 on the 
schematic is not acted on in d.c. analy- 
sis. The maximum change of 5% au- 
tomatically limits the amount of 
change at each step, should you have 
specified a step size larger than this. 

Thinking 
ahead to the graph 
we wish to plot, 
resistance is 
volts/amps so, if 


MicroCap VDemo_ [Transient Analysis) 


960102 - 11 


the slope of the curve 
is to represent ohms, 
we need current on 
the x-axis and voltage 
on the y-axis. The X Expression is - 
i(R1), which means the negative of 
the current through R1. We use the 
negative to plot the graph with con- 
ventional polarity, since spice takes 
the direction of current flow to be 
from positive to negative within the 
source. This means that the current is 
not conventional current, but flows 
in the same direction as the electrons. 
Check the Auto Scale Ranges box so 
that an appropriate range for the axes 
is calculated by the software. Click on 
Run. 

The plot of voltage against current is 
a straight line, showing the voltage is 
proportional to current (Figure 3). 
The slope of the curve is the resis- 
tance, which we can find by reading 
a pair of values on the graph. But we 
can investigate the curve more ex- 
tensively by clicking on 
the 4th button in the 
top row to enable Cur- 
sor mode (Figure 4). 
There are two cursors, 


Micro-Cap V Demo - [AC Analysis) 


represented by vertical dashed lines, 
which can be moved sideways by 
clicking the left or right mouse but- 
tons before moving the mouse. The 
point at which each cursor crosses 
the plotted line is picked out with a 
square, and its coordinates are tabled 
below the graph. The Delta column 
shows the difference between coor- 
dinates, and under Slope, the value 
of Delta in each row is divided by the 
Delta for the x-coordinates. This 
means that the Slope value in the 
upper row is volts/amps, the resis- 
tance value, which is shown as 
8.200e +002, which equals 820Q. This 
is as expected from the value we gave 
to R1 originally. These values are for 
a circuit at 27°C, the standard tem- 
perature for SPICE analyses. This can 
be altered to any other value or 
swept over a specified range. Return 
to the schematic by clicking pc > 
Exit Analysis. 


EXPLORING MC5 

(1) Repeat the analysis. With the 
graph displayed, select Cursor mode 
as above and use top-row buttons 5 
and 6 to measure x and y distances on 
the graph, 

(2) Use bottom-row buttons 1 to 8 
to move the cursors automatically to 
different locations on the curve; not 
many of these apply to the present 
curve but this is good practice for later. 

(3) Set up new d.c. analyses by al- 
tering the parameters in the pc Analy- 
sis Limits window. Alter the range of 
Source 1, Enter new X and Y Expres- 
sions, for example, try v(1) as the X Ex- 
pression and -v(1)*i(R1) as the Y Ex- 
pression to plot the power (in watts) 
dissipated in the resistor. 

(4) Edit the schematic by changing 
the value of R1; click on top row but- 
ton 8 (1), then on R1 ~ Component 
window ~ edit the resistor value (in 
SPICE, M is for milli- 
and MEG is for mega) 
> click OK rerun 
the Dc analysis. 


(5) Redraw the 
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schematic to put two resistors in series. 
Then plot the voltages for nodes 1 and 
2. Voltages are relative to ground. To 
plot the voltage on a node relative to 
a second node, use the format v(a,b), 
the voltage at a minus the voltage at b. 

To sum up, the cycle for such ex- 
plorations, starting from — the 
schematic, is: Analysis menu + DC 
Analysis > alter the parameters in the 
pe Analysis Limits window > Run > 
view graph — use cursors and mea- 
sure distances + DC menu ~ Exit 
analysis > back to schematic + pos- 
sibly edit it > repeat. 


PROBE MODE 

From the Analysis menu > bc Probe 
Analysis. This tiles the schematic with 
a small graph area. Clicking on one 
node or a succession of nodes causes 
the graph to display the voltage there 
as V1 is swept. 


INVESTIGATIONS 
Figure 5 shows some more circuits for 
analysis (answers next month): 
(a) Here we use a second SPICE analy- 
sis mode, Transient Analysis. This cal- 
culates the way in which voltages and 
currents vary in time. The circuit must 
contain at least one time-varying 
source of voltage or current. Here we 
investigate what happens when the 
source delivers a single pulse. MC5 has 
its own pulse source but, to make 
these instructions applicable to other 
simulators, use the original spice inde- 
pendent voltage source and program 
it to produce the required pulse. On a 
new schematic editing screen (File + 
New ~ Schematic ~ Ok), click on 
Component menu ~ Analog Primi- 
tives > Waveform Sources > V. After 
placing the symbol, its description in 
the Component window is PART = V1. 
Key in its VALUE = PULSE (0 1 le-6 0). 
These figures define a pulse with low 
level 0 V, rising to high level 1 V after 
lus (le-6) delay, with 0s rise time. 
Complete the circuit, then select 
Analysis Transient Analysis. In the 
Transient Analysis Limits window set 
parameters as in Figure 6. Run. The 
graph displays the pulse and the p.d. 
across the capacitor. Note the expo- 
nential rise. Because we have not spec- 
ified its length, the pulse lasts until the 
end of the plot. Transient menu > Exit 
Analysis ~ back to schematic. As in 
Exploration 4 above, edit the V1 pulse 
parameters to (0 1 le-6 0 0 14e-6) 
which produce a pulse starting as be- 
fore, but ending with a fall time of 0s 
after 14 us, Click OK. To see the effect 
of this, extend the time range to 30us 
in the Transient Analysis Limits then 
Run. What happens? 


(b) Repeat (a) but with a sine source. 
We use the same sPice voltage source 
as above but replace the PULSE para- 
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meters with sIN (0 1 1k 0 0). These 
parameters specify, in order: offset (V), 


amplitude (V), frequency (Hz), delay a 


(s), damping factor (s-1). The damping 
factor THETA (©) produces an expo- 


plying the amplitude at any instant by 
e-®(+12), where ¢ is the elapsed time 
and TD is the delay time. The parame- 
ter values quoted above produce a sine 
wave, with zero offset, amplitude 1 V, 
frequency 1kHz, and no delay or 
damping. Change resistor value to 
ImEG (1 MQ). For a Time Range of 5 m 
(with T as the X Expression), plot the 
two node voltages, v(1) and v(2). Ob- 
serve the amplitude and phase rela- 
tionships between the waveform of 


the source and that across the capaci- — 


tor. Try varying the frequency of V1, 
altering the Time Range to plot, say, 5 
cycles. Explore the Cursor mode with 
these waveforms. By default, MC5 
plots the graphs with 51 points. ‘To in- 
crease the smoothness of the graphs, 


is, 10 ps) 


(c) Repeat (a) but with a 5 mH induc- 
tor in place of the capacitor. Explain 
the shape of the curve of the voltage 
across the inductor. Try other timings, 
or other values for resistor and induc- 
tor and observe their effects. 


(d) The third spice analysis mode is ac 
Analysis. This calculates the fre-quency 
response of a circuit as the voltage 


source is swept over a prescribed | 


range of frequencies. SPICE first finds 
the d.c. voltages and currents, then ap- 
plies an a.c. signal, assuming that volt- 
age or current variations are small and 
linear. Set up the Lcr circuit. The fre- 
quency specified for the sine source is 
not important in the a.c. analysis, since 
it is swept automatically. You need to 
specify its amplitude and phase sepa- 
rately: extend the sIN statement of V1 
to SIN (011k 00 AC 1 0). This specifies 
an a.c. signal of amplitude 1 V and 
zero phase delay. Click the Analysis 
menu ~> Ac Analysis + Ac Analysis 
Limits window (Figure 7). The Fre- 


quency Range is from 100 Hz to 


100 MHz (1E8). Note the inverse order 
of specifying the range. Call for a plot 
of voltage across the inductor (v(3)) 


against frequency (F). Run. The graph | 
shows a prominent peak at about | 


35 kHz, which is the resonant fre- 
quency of this circuit. Run the ac 
analysis with other values of L, C and 
R (better to change only one at a time, 
to observe the effects of change more 
clearly). Then run a Transient Analysis 
having set the frequency of V1 close to 
the resonant frequency. What do you 


age across the inductor? 
(960102-1] 


nential change in amplitude, multi- S quainted with electronics or 1 
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- market this coming Christmas. 


to have prevailed, because the latest 
_ news at the time of writing (Septem- 


ers (Panasonic Type DVD-A100 and 


. will be about £500 for the A-100 and 


~~ patibility are definite. 


notice about the amplitude of the volt- ! i available until the end of 


cial ruse only time wil: ti tel 


In passing 


Armageddon? 
Every sane citizen, whether 


ing witnessed the debacles that 


spect of their video reco 


consumer products. 
For a while during the past month 


would be a hiccough in coming | 


tile disc (DVD). It appeared that some 
of the original protagonists 


ing of licensing fees to the (Japanese; 


and Sony felt that the developi 
they had done on the new disc 
tled them to a lower licence fee. This 
reluctance put in jeopardy the possi- 
bility of having pvp players on ti 


Fortunately, common sense seems 


ber 1996) is that at least one coi 
pany, Matshushita, will enter tl 
Japanese market with two bvp play- 


DVD-A300) this month. Simila 
products will become available in the 
usa towards the end of the year, 
Moreover, at the CeBIT show in 
Hanover in September, it was an- 
nounced that Panasonic pvp players 
will enter the European market eart 
next year. Price of the sets (in Japan, 


just over £600 for the A-300). 
According to statements att 
CeBIT show, any fears that early 
tomers may find themselves unable 
record at a later stage are 
founded. It was admitted, ho 
that there are still problems with t 
development of the LSI chip. 
MPEG2 decoding, but that spe 
tions that deal with backw 


It was learned from other: 
that the Ls! chips may noi 


An amplifier is de- 
scribed whose power 
is measured not in 
watts but in milliwatts, 
since it is intended to 
drive headphones 
used by guitarists. 
Such headphones 
need only a fraction 
of the power normally 
output by a guitar 
amplifier. The 
present amplifier is 
easy to build, battery 
powered and pro- 
vided with a bass- 
boost switch. 


Design by T. Giesberts 
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Any guitarist practising on his/her elec- 
tric guitar needs an amplifier to make 
the string vibrations audible. Using a 
standard guitar amplifier and associ- 
ated loudspeaker will in many cases be 
awkward and may not at all be ac- 
ceptable to other members of the 
household and neighbours. In such 
cases, the amplifier described here, 
which is intended for use with head- 
phones, is an attractive solution, Since 
the amplifier is powered by a battery, 
it is independent of the mains supply, 
so that practising can even take place 
out of doors without upsetting the 
neighbours. 

Some guitarists may ask why their 
(electric) guitar cannot be connected 
to a standard headphone amplifier. 
There are several reasons for this. One 
is the input impedance of these am- 
plifiers, which normally is 10-20 kQ, 
whereas the output impedance of an 
electric guitar is > 200 kQ. If the guitar 
element were terminated into 20 kQ, 
the high frequencies would be attenu- 
ated to such an extent that they would 
be hardly audible. 

Another reason is the ruggedness, 
or rather lack of it, of standard ampli- 
fiers. Most musicians are not too care- 


headphones 
amplifier 


ful with their equipment, which means 
that a guitar amplifier must be tough 
and proof against inadvertent misuse 
(short-circuits). 

Also, a headphone amplifier for gui- 
tars must be battery-powered to enable 
the guitarist to practise anywhere to 
his/her liking. 

Finally, a bass-boost function was 
deemed essential in view of the poor 
bass response of many headphones. 


CIRCUIT DESCRIPTION 
The design of the amplifier has been 
kept as simple as feasible—see Fig- 
ure 1. It consists merely of an opera- 
tional amplifier for voltage amplifica- 
tion and an output stage, operating in 
Class AB, that provides the requisite 
power. 

The bass boost is obtained from a 
frequency-correction network in the 
feedback loop. This network can be 
disabled with switch 5}. 

Low-pass filter Rj-C, at the input of 
the amplifier suppresses any interfer- 
ence or other spurious signals. 

Diodes D,; and D3 following vol- 
ume control P; protect the amplifier 
against too high input levels. Resistor 
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R; is necessary to 
ensure that even in 
rcase of a poor vol- 
Fume control there is 
“bias current for the 
input of IC). 

As the input impedance of IC; is 
high, the overall input impedance of 
the amplifier is determined by the val- 
ues of P, Ry, and Ry: about 388 kQ. If 
a higher value is needed, a poten- 
tiometer of higher value may be used; 
note, however, that this may increase 
the level of noise. 

The op amp, a good and inexpen- 
sive Type TLO71, drives the output 
stage. This stage consists of a comple- 
mentary pair of transistors, T; and T>, 
which, in the usual way, are arranged 
as an emitter follower, Diodes D3 and 
D, provide the requisite quiescent cur- 
rent for the output transistors. 

There is no facility for setting the 
quiescent current as this proved un- 
necessary with the low output power. 
In the prototype, the quiescent current 
is 0.6 mA, but in other cases this value 
will depend on the tolerance of the 
components. The fairly high values of 
emitter resistors Rg and Rg ensure that 
the level cannot rise too high. 

To ensure sufficient base current to 

T, and T, during maximum drive, the 
values of R, and Ry are such that a cur- 
rent of about 2 mA flows through D; 
and Dy. This proved sufficient for the 
desired performance and kept the cur- 
rent drain of the amplifier low. 

The feedback loop is between the 
junction Rg-Rg and the inverting input 
of IC,. The ratio Ry:R; determines the 
voltage amplification of the op amp. 

Time constant R3-C; determines 
the lower cut-off point of the fre- 
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D1...D4 = 1N4148 


quency response, 
which, with values as 
specified, is 22 Hz. The 
upper frequency limit 
is set by Cs, Ry and Rs, 
and is, with values as 
specified, about 30kHz, With 5, 
closed, network Rs-Cy gives a 10 dB 
boost in gain at about 50 Hz; the effect 
of this is seen in Figure 2. 


POWER OUTPUT 
Most headphones need a power input 
of 5-10 mW for maximum sound. As a 
compromise between acceptable cur- 
rent drain from the batteries and 
sound requirements, the present am- 
plifier provides an output of 7.5 mW. 
This power output made it possible 
to give emitter resistors 
Rg and Rg a fairly high 
value, which ensures a 
long life of the output 


-10.00 
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transistors, the more so since the types 
used are intended for much heavier 
tasks than in the present amplifier. 

Resistor Ryg protects the amplifier 
against short-circuits at the output ter- 
minals. Since a headphone impedance 
of 32 Q was assumed, Ryg was given a 
near-identical value of 33 Q. 

Normally, the connections of the 
left earpiece and right earpiece are 
looped in the jack socket, that is, the 
two earpieces are in parallel. With 
maximum drive (330 mV input), the 
amplifier produces an output of 
7.7 mW for each 32 Q earpiece. 

If the two earpieces are connected 
in series (which means altering the 
wiring to the jack socket), the power 
output increases, This is because the 
output stage then works with a load of 
64 Q, In that case, it needs to provide 
only half the current, which means 
that it can be driven harder. Maximum 
drive is then obtained with input sig- 
nal levels of 500 mV, resulting in an 
output power to each earpiece of 
17.7 mW. 


BATTERY PACK 

The amplifier needs a power supply of 
+9 V, which means that two 9 V bat- 
teries are needed. At first sight, this 
looks odd in view of the space re- 
quired and also since two batteries cost 
more than one. The decision to use 
two batteries was taken because of the 
following. 

In the first place, the unavoidable 
electrolytic capacitor at the output of 
an asymmetric supply can be omitted. 
Although this does not take up as 
much space as a 9 V battery, there is 
not much in it. 

In the second place, and more im- 
portantly, two batteries can be used for 
far longer than one, This is because 
with a symmetric supply the amplifier 
still produces a useful 
output of 2X1 mW 
when the potential of 
each battery has 


AMPL(dBr) vs FREQ(Hz} 


dropped to about 3.5 V. 
With an asymmetric 
supply, the amplifier 
output would drop to 
unusable levels at a bat- 
tery voltage of about 7 V. [t is known 
from practice that at this potential the 
battery is not flat by any means. So, 
contradictory as this may sound, two 
in this case are cheaper than one. 

As far as the current drain is con- 
cerned, with maximum drive and a 
continuous signal, it is +17.5 mA when 
the earpieces are in parallel, and 
+14mA when they are in series. In 
general, music signals, and certainly 
guitar signals, are nowhere near con- 
tinuous and the average current drain 
will, therefore, nor- 
mally be close to the 
quiescent current, that 


is, +4 mA. This means 
that the useful life of 
two 9 V alkaline batter- 
ies will be at least 100 
hours. 


CONSTRUCTION 

The amplifier is, of course, best built on 
the printed-circuit board shown in Fig- 
ure 3. This has purposely not been 
made very small (although that would 
have been possible) because this 
would make the construction rather 
more tedious. 

If the component layout is followed 
closely, there should be no undue dif- 
ficulty in building the amplifier. Start 
with fitting all resistors, the Ic socket 
and other horizontally 
mounted components. 
Follow this with the ra- 
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dial components, the output transis- 
tors and the Ic. 

In case of T; and 13, the black 
stripe on the board indicates the loca- 
tion of the cooling area of the transis- 
tor case. 

The completed prototype board is 
shown in the photograph. 

Potentiometer P} may be mounted 
to personal requirements: it may be fit- 
ted directly on the board or it may be 
linked to it via three lengths of flexible, 
insulated circuit wire. To some extent, 
this all depends on the type of enclo- 
sure in which the amplifier is to be 
housed — and there are many suitable 
types on the market. 

The guitar and headphones should 
be linked to the amplifier with stan- 
dard jack sockets and plugs. Do not 
forget to alter the wiring in the head- 
phone jack if necessary (as discussed 
earlier in this article). 

In view of the symmetric supply 
lines, the on/of switch must be a dou- 
ble-pole type. 

For clarity’s sake, all important con- 
nections to the board are shown again 
in Figure 4, 


TESTING 
Testing the amplifier is straightfor- 
ward: connect a pair of headphones to 
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the output and touch the input with a 
finger. Depending on the position of 
the volume control, a faint or strong 
hum will be heard, It is wise not to put 
the headphones on, but leave them 
lying in earshot on a table or work- 
bench. 

If there is no sound from the head- 
phones, check the voltage at the points 
shown in the circuit diagram. Possible 
faults are likely to be in three areas: 

* one of the output transistors is not 
fitted properly - the bold black 
stripe on the component layout of 
the board indicates where the metal 
area should be located; 

* one of diodes D|—Dy is defect or fit- 
ted incorrectly; 

* opamp IC, is defect — this may be 
caused by rough handling or over- 
heating during soldering; in either 
case, there is no alternative but to 
replace the device. 


If all connections are in accordance 
with those shown in Figure 5, and all 
components values and, where ap- 
plicable, polarity, are correct, there is 
not much else if anything that can go 
wrong. 

[960109] 


..and.a working demo. The demo is also available 
via anonymous FTP from ftp.demon.co.uk in the dir 
, /pub/ibmpe/win3/apps/pcbdemo/ as pcbdemo.zip. 
.= Internet e-mail pcb@niche.demon.co.uk. 


ray, a) 
\ _ ite we ee 
-— Looking for the price? 


It's just £49.00 all inclusive! 


¥ Produce Single or Double sided PCBs. 

¥ Print out to any Windows supported printer. 

¥ Toolbar for rapid access to commonly used 
components. 

¥ Helpful prompts on screen as you work. 

¥ Pad, track & IC sizes fully customisable. 

¥ No charges for technical support. 

¥ Snap-to grid sizes 0.1", 0.05" 0.025" and 
unrestricted. 

¥ SMT pads and other pad shapes. 

¥ Prints at the resolution of your printer. 


a 
Niche Software (UK) 
12 Short Hedges Close, Northleach, GL54 3PD Phone (01451) 860 737 support @niche.demon.co.uk 


| ...NO additional charges for 
overseas orders. 


Dealers and distributors wanted. 


South Africa, JANCA Enterprises, PO Box 32131, 9317 Fichardtpark at R299,00 


Phone/FAX (051) 223744, email janca @ pixie.co.za 
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_ Although a serial port 
is usually intended 
_ for, well, serial com- 
- munication, it may be 
used in a different 
way. This article de- 
scribes a simple 
BASIC program 
which turns the 
RS232 port on your 
PC into an interface 
with four parallel in- 
puts and two parallel 
- outputs. The invest- 
- ment: a few pence for 
- components, and a 
little type work. 


Design by J. Schuurmans 


Computers normally have a parallel 
port (the Centronics interface to which 
the printer is attached) and a serial 
port (identified as ‘RS232 interface’). In 
actual fact, both ports are parallel in 
essence. On the serial port, the control 
signals are, in fact, ordinary I/O lines 
whose logic level is under the control 
of instructions written to a serial con- 
troller IC, The logic lev- 


els of the control lines on the R5232 in- 
terface is an indication about the 
progress of the data transfer process. 
On most serial ports identified as 
‘RS232’, the following digital I/O lines 
are used: DCD, DSR, RTS, CTS, DTR 
and RIL. 

The BASIC program shown here 
writes commands directly into a num- 
ber of registers con- 
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tained in the serial controller, which is 
usually a UART type 16450, 16550 or 
8250. These three controllers are iden- 
tical as far as the register structure is 
concerned, The registers contain the 
bits that determine the logic level of 
each of the above mentioned I/O lines, 
allowing simple software to be applied 
to run the lot. 

The drawing in Figure 1 illustrates 
the use of the serial interface as an I/O 
port. The two outputs are formed by 
the RTS and DTR lines, the inputs, by 
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the lines RI, CTS, DSR and DCD. Fi- 
nally, TxD and GND are used to gen- 
erate the necessary supply voltage. 
Only the RxD line is not used. 

The electrical levels 
used by this I/O port 
depend on the hard- 
ware contained in the 
PC. A real RS232 inter- 
face uses logic levels 
which swing between 


+12 V and - 12 V. There are, however, 
also PC manufacturers who use TTL 
levels instead of the +12 V swing. Be- 
cause the input levels at switches S1 
through S4 is derived 
from the supply volt- 
age, in other words, 
from the switching lev- 
els available on the 
RS232 interface, the ab- 
solute value will not be 


10 CLS 

20 ComAddress = &H2F8 

40 OUT ComAddress + 3, INP(ComAddress + 3) OR 64 

50 PRINT 

60 PRINT TAB(24); CHRS$(201); STRINGS(30, CHR$(205)); CHR$(187) 
70 PRINT TAB(24); CHRS$(186); STRINGS$(30, CHRS$(32)); CHRS$(186) 
80 PRINT TAB(24); CHRS$(186); " 
90 PRINT TAB(24); CHR$(186); STRING$(30, CHR$(32)); CHRS$(186) 
100 PRINT TAB(24); CHR$(200); STRING$(30, CHRS(205)); CHR$(188) 
110 PRINT 

120 PRINT “Instructions:"; TAB(20); "Press 'R' to alter RTS" 
130 PRINT "~------------ "; TAB(20); “Press 'D' to alter DTR" 
140 PRINT TAB(20); "Press 'Q' to quit” 

150 PRINT ;: PRINT 

160 PRINT “OUTPUT:", "RTS", "DTR" 

170 PRINT “------- ", Neen", "=-=" 

180 PRINT "State:", 

190 IF INP(ComAddress + 4) AND 2 THEN PRINT "HIGH", 
200 IF INP(ComAddress + 4) AND 1 THEN PRINT "HIGH" ELSE PRINT "LOW" 
210 PRINT : PRINT 

220 PRINT “INPUT", "DCD", "RI", "DSR", "CTS" 

230 PRINT "“----- H, Meee, Mee Mena mo 

240 PRINT "State:", 

250 State = INP(ComAddress + 6) AND 240 
260 IF State AND 128 THEN PRINT "HIGH", 
270 IF State AND 64 THEN PRINT "HIGH", ELSE PRINT "LOW", 
280 IF State AND 32 THEN PRINT "HIGH", ELSE PRINT "LOW", 
290 IF State AND 16 THEN PRINT "HIGH" ELSE PRINT "LOW" 
300 DO 


ELSE PRINT "LOW", 


310 LOCATE 20, 15 

320 Previousstate = State AND 240 

330 IF State <> Previousstate THEN 

340 IF State AND 128 THEN PRINT "HIGH", ELSE PRINT "LOW", 
350 IF State AND 64 THEN PRINT "HIGH", ELSE PRINT "LOW", 
360 IF State AND 32 THEN PRINT “HIGH”, ELSE PRINT “LOW", 
370 IF State AND 16 THEN PRINT "HIGH" ELSE PRINT "LOW" 
380 END IF 

390 A$ = UCASES$(INKEYS) 

400 IF A$ = "R" THEN 

410 LOCATE 15, 15 

420 RTSState = INP(ComAddress + 4) AND 2 

430 IF RTSState THEN 

440 OUT ComAddress + 4, INP(ComAddress + 4) XOR 2 
450 PRINT "LOW " 

460 ELSE 

470 OUT ComAddress + 4, INP(ComAddress + 4) XOR 2 
480 PRINT “HIGH" 

490 END IF 

500 ELSEIF A$ = "D" THEN 

510 LOCATE 15, 29 

520 DTRState = INP(ComAddress + 4) AND 1 

530 IF DTRState THEN 

540 OUT ComAddress + 4, INP(ComAddress + 4) XOR 1 
550 PRINT “LOW " 

560 ELSE 

570 OUT ComAddress + 4, INP(ComAddress + 4) XOR 1 
580 PRINT "HIGH" 

590 END IF 

600 END IF 

610 LOOP UNTIL AS = "Q" 


mS 


RS-232 Input/Output Port "; CHRS(186) 


ELSE PRINT "LOW", 


putt a 
lem. The levels ee 
are, therefore, always cor- 

rect. 


PRACTICAL MATTERS 

The circuit is built on a small printed 
circuit board of which the track layout 
and component mounting plan are 
given in Figure 2. Considering the sim- 


ished, the 
board may be 
" to 


‘on your PC. 
‘Where applica- 
ble, the switches 
may be replaced 
- by end contacts, 
logic ports with 
open-collector out- 
puts or phototransis- 
- tors contained in opto- 
visolators. As you can 
see, there is plenty of 
room for experiments. 


THE SOFTWARE: 
EVERYTHING IN 
BASIC 


The (invisible) heart of the project is 
actually the serial controller in the PC. 
This device is usually mapped at one 
of the familiar base addresses like 2F8}; 


dress(es) used in your computer, use 
hardware diagnosis program like MS 
(MicroSoft Diagnostics) or Chi 
collect relevant information, 7 
ister addresses that matter in the 
sent application are [base+ 
[base+6]. Table 1 tells you how 
various bits contained in the: 
are used to switch the I/O lines. Bit 
at [base+3] enables the TxD | 
made high permanently (‘sel 
This initialisation is performed 
start of the program. 
The complete listing of the B/ 
program we have in mind is gi 
Figure 3. Typing it into BASIC will: 
take too much time, we reckon, 
base address of the COM port yc 
tend to use is determined in line 
The interface is switched on in Ii 
when the TxD output is made f 
nently high. 3 
The signal levels on the D 
RTS lines are read in lines 190 


plicity of the circuit, construction 


for COMI, and 3F8}; for COM2. In__able the status of the various 


respectively. Lines 260 through 


should not cause problems. Once fin- case you are unsure about the base ad- be displayed on the monitor, The: 
tine between lines 300 and 61f 
Table 1. UART bit/register overview. peated until the ‘Q’ key is: pre 
Address bit 1 bit 2 line 330, the software checks if 
i ] level at the inputs has chan, 
3 WLSO | WLST STB PEN EPS DLAB the new states are copied to the 
| - | Line 390 checks to see if 
4 DTR | RTS Out? | Out2__| Loop 0 pressed, In case the ‘R’ or ‘D/ 
le Delta Delta | Trailing | Delta | org -_ pressed, the level of RTS or DSR 
CTS DSR edge Al | DCD verted, respectively. 


CONSTRUCTION GUIDELINES 


Elektor Electronics (Publishing) does not provide parts and components 
other than PcBs, fornt panel foils and software on diskette or 1C (not nec- 
essarily for all projects). Components are usually available form a number 
of retailers - see the adverts in the magazine. 


Large and small values of components are indicated by means of one of 
the following prefixes : 


E (exa) = 1018 a (atto) = [0-18 

P (peta) = 10/5 f (femto) = 10-5 
T (tera) = 10!2 P (pico) = 10°12 
G (giga) = 109 n (nano) = 10-9 
M (mega) = 106 uw (micro) = 10-6 
k {kilo} = 103 m (milli) = 10-4 


h (hecto} = 102 


= ¢ (centi) = 10-2 
da (deca) = 10! 


d (deci) = 10°) 


In some circuit diagrams, to avoid confusion, but contrary to 1EC and Bs 

recommandations, the value of components is given by substituting the rel- 

evant prefix for the decimal point. For example, 
3k9 = 3.9 kK 4u7 = 4.7 pF 

Unless otherwise indicated, the tolerance of resistors is +5% and their rat- 

ing is 4~'A watt, The working voltage of capacitors is > 50 V. 


In populating a pce, always start with the smallest passive components, that 
is, wire bridges, resistors and small capacitors; and then Ic sockets, relays. 
electrolytic and other large capacitors, and connectors, Vulnerable semi- 
conductors and Ics should be done last. 


Soldering. Use a 15-30 W soldering iron with a fine tp and tin with a resin 
core (60/40) [nsert the terminals of components in the board, bend them 
slightly, cut them short, and solder: wait 1-2 seconds for the tin to flow 
smoothly and remove the iron. Do not overheat, particularly when solder- 
ing ICS and semiconductors. Unsoldering is best done with a suction iron 
or special unsoldering braid. 
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color 


sine a ant a 


2nd digit 


Ist digit 


: black 

| brown 
red 
orange 
yellow 
green 

: blue 

' violet 

| grey 
white 
gold 
silver - - 
: none - - 


| Oe Don bw | 
teem tw hw NK OO 


Examples: 
brown-red-brown-gold = 120 2, 5% 
yellow-violet-orange-gold = 47 kQ, 5% 


Faultfinding. If the circuit does not work, carefully ci 
board with the published component layout and parts list 
ponents in the correct position? Has correct polarity 
the powerlines been reversed? Are all solder joints: 
bridges been forgotten? 
If voltage levels have been given on the circuit di 
sured on the board match them — note that d 
the specified values are acceptable. hk 
Possible corrections to published projects 
time in this magazine. Also, the readers lett MN 
ful comments/additions to the published projects, 


iS 


smonly 
C 


USES: 
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thusiasts come in 
many sizes and 
colours, not many of 
_ them are prepared to 
‘spend a lot of money, 
2 time and effort to 
build an a.f. amplifier 
using up to 40 tran- 
sistors to improve the 
_ distortion by a frac- 
tion of a per cent. 
Therefore, the ampli- 
_ fier described here 
should appeal to 
those enthusiasts. It 
is compact, presents 
no problems and yet 
has properties that 
make it fully suitable 
for all but the most 
demanding audio ap- 
plications. In short, an 
amplifier that is 
: geared to the practi- 
cal audio buff. 


Source: SGS Thomson 


44 


Although audio en- — 


The Type TDA7294 Ic from 


50 W a.f. amplifier 


SGS-Thomson is an inte- ut sensitiv 

grated af. amplifier in- — !P impedan’ 

tended for use in all sorts input" ih: 

of hi-fi application. Its cir- pandw! 

cuit diagram is shown in jew wer: 

Figure 1. Its most promi- output pe 

nent feature is the much a 

higher power output than . ato noise 

is usual with this kind of — 5/9? N with 4 

integrated amplifier. Ac- THD+ specifying 


cording to the manufac- 
turer’s data sheets, the 
special DMOs output stage 
of the 15-pin chip can de- 
liver outputs of up to 100 watt. Con- 
sidering other properties, such as low 
noise, low distortion and reliable short- 
circuit and thermal protection circuits 
as well, the chip is indeed an interest- 
ing one. 

Having said that, power output 
specifications are often rather opti- 
mistic. In this instance, the 100 W ap- 
pears to refer to the IEC norm for music 
power with 10 per cent distortion, 
which, as far as hi-fi applications are 
concerned, is not the correct way of 


output power. More- 
over, with peak supply voltages 
of +40 V and a load impedance of 4, 
the maximum dissipation of the 1c will 
easily be exceeded. For these reasons, 
the supply in the present amplifier has 
been kept down to a safe +30 V. At 
these voltages, the chip delivers, with- 
out any difficulty, 50 W into an 8 Q 
load and 80 W into a 4 Q load. These 
are still very respectable figures, par- 
ticularly in view of the reasonable price 
of the chip. 


CIRCUIT DESCRIPTION 
The circuit diagram of the amplifier in 
Figure 2 shows that the ic needs only 
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a small number of external compo- 
nents. To keep the harmonic distortion 
low, the amplifier has a large feedback 
ratio and its closed-loop gain has been 
restricted to only 24 dB. 

The input signal is applied to pin 3 
via capacitor C, and low-pass filter 
R,-Cyo. The filter improves the pulse 
response and flattens the frequency re- 
sponse. For minimum output offset, 
the values of Ry and R3 should be 
equal, so that the input impedance is 
10 kQ. The roll-off frequencies of Ry-C; 
and R-C; determine the lower band- 
width limit of the amplifier: with val- 
ues a specified, this is about 16 Hz. The 
upper —3 dB point is at about 100 kHz. 

The amplifier is muted by a rele- 
vant input to pin 10 and placed in the 
stand-by mode by a relevant signal at 
pin 9. Muting should always take place 
before the stand-by mode is selected. 
Connecting the mute and standby 
pins permanently to the supply 
line ensures that the amplifier 
comes on immediately the 
power is switched on. Any 
switch-on clicks may be 
eliminated by increasing 
time constants R3-C, 
and Rs-Cs. 

If large-value elec- 
trolytic capacitors are 
used in the power sup- 
ply, switching off will be 
rather slow. If that is con- 
sidered a nuisance, an ex- 
ternal mains detection 
network may be added. 
This can consist of, say, 
two diodes and two small 
smoothing capacitors for rec- 
tifying the secondary voltage of the 
mains transformer. The board has pro- 
vision for this in the form of additional 
soldering pins adjacent to the mute 
and stand-by inputs: an earth pin in 
case use is made of an external pro- 
tection circuit and a plus pin if such 
protection is not foreseen. 


CONSTRUCTION 
It is best to build the amplifier on the 
printed-circuit board shown in Fig- 
ure 3. The illustration proves what a 
compact unit this amplifier is. In view 
of the scarcity of components, popu- 
lating the board is very simple. 

The back surface of the Ic is linked 
internally to the negative supply rail. 
Consequently, to preclude electrical 
contact between the heat sink and the 
enclosure, the heat sink 
is mounted on the 
board. Insulating mate- 
rial between the heat 
sink and the Ic is, there- 
fore, not needed, al- 
though the use of some 
heat conducting paste 
is advisable. 

In the selection of a 
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suitable heat sink, a 
continuous output of 
50 W into 8 Q was as- 
sumed. The selected 
heat sink is also all 
right for music outputs 
of 80 W into 4 Q. Problems caused by 
high temperatures are very unlikely, 
since the Ic has_ internal thermal 
protection that causes the mute to 
come into operation at 145°C and 
switches the amplifier to stand by at 
150°C. 

Provision for connecting the power 
lines to the board is by three pcs ter- 
minal blocks (clamping-screw type). 
These ensure loss-free passage of the 
supply current. 

The symmetrical power supply is 


1000p 40v | 100n 


TDA7294 
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best constructed from a 
toroidal mains trans- 
former, a 25 A bridge 
rectifier and two 
10,000 uF, 50 V_ elec- 
trolytic capacitors. 


FINALLY 
As mentioned before, thanks to its 
good performance and high power 
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output, the amplifier is 
in principle usable in 
virtually any hi-fi set- 
up. Owing to its com- 
pactness, it is particu- 
larly suitable for use in combination 
with a preamplifier as an integrated 
amplifier or as part of an active loud- 
speaker system where space is almost 
always at a premium. 

For those who would like some 
proof of the figures given in the spec- 
ification table, Figure 4 shows the dis- 
tortion characteristic of the amplifier 
obtained with a spec- 
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THD+N(%) vs FREQ(Hz) 


trum analyser. The me 
were carried out at an ou 


80 kHz. As usual, the characte: 


slopes upward at higher frequenc 
but the distortion does not exceed 0. 


per cent. In a large part of the af, 


harmonic-distortion-plus-noise (THD+N 
does not even rise above 0.02 per cent. 
This sort of performance is excellen 


for all but the most demanding appli- 
cations. 


ADC/DAC for 
Multimedia and 
Audio Systems 


DIP International 
now supply the AKM 
AK4510 16-bit 
stereo A/D and D/A 
converter (single 
chip audio codec). 


The design employs 4th-order 
delta-sigma modulation tech- 
niques resulting in high accu- 
racy and low cost. The ADC 
section has on-chip anti-alias 
filtering, resulting in high-ac- 
curacy A/D conversion with a 


range of 90 dB. The DAC sec- 
tion boasts an on-chip post fil- 
ter which tolerates system 
clock jitter up to 100 ns. Sup- 
plied in a 28-pin SOP pack- 
age, the AK4510 has sampling 
rates from 4kHz to 50 kHz. 
Further information from 


DIP International Ltd., Shera- 
ton House, Castle Park, Cam- 
bridge CB3 OAX. Tel. (01223) 
462244, fax (01223) 467316, 
email 100343.304@com- 
puserve.com. 

(967066} 


NEW PRODUCTS 


PICSTART Plus 
and MPLAB-C C 


Compiler 


Microchip have just 
released PICSTART 
Plus, a highly flexible 
design toolset sup- 
porting all existing 
and future Microchip 
8-bit one-time-pro- 
grammable micro- 
controllers, and the 
MPLAB-C Universal 
C Compiler for 
PIC16/17 8-bit mi- 
crocontrollers. 
PICSTART Plus includes a de- 
velopment programmer an 
RS-232 cable, a 9-volt univer- 
sal IEC power supply, a 
PIC16/17 microcontroller de- 
vice sample and complete 
documentation from a user’s 


guide and CD-ROM containing 
Microchip's databook and Em- 


bedded Control Handbook. 
The MPLAB-C Universal C 
Compiler is a complete high- 


level language compiler which 
provides powerful integration 
capabilities and ease-of-use 
features. MPLAB-C generates 
code directly from the compile 
process, eliminating the need 
to assemble code generated 
by the compiler. 

PICSTART Plus and MPLAB-C 
run under Microchip's popular 
MPLAB integrated Develop- 
ment Environment which 


“ Ph 
PICSTART Plus 


DEVELOPMENT 


POWER @ 
active @ 


gives developers the flexibility 
to edit, compile and debug 
from a single user interface. 
MPLAB offers full source level 
debugging in an easy project 
environment, reducing overall 
development time and cost. 
PICSTART Plus and MPLAB-C 
join Microchip's extensive 
range of PIC16/17 develop- 
ment tools, including PICMAS- 
TER® Universal Development 
System & ICEPIC — 
a low cost in-circuit 
emulator. Other 
tools include the 
MP-DriveWay™ Au- 
tomatic Application 
Code Generator, 
fuzzy logic tools, 
MPASM assembler 
and the MPLAB- 
SIM software simu- 
lator. 


Arizona Microchip 
Technology Ltd, 
Unit 6, The Court- 
yard, Meadowbank, 
Furlong Road, 
Bourne End, Bucks 
SL8 SAJ. Tel 
(01628) 851077, fax 
(01628) 850259. 
(967095) 


SQ JUBILEE OFFER = 


capacity of 1.400 c omponent 


ture, ULTIboard PCB Design and 


jn smaller and more sir 
hallenger Lite, tha 


it 36 = 1411 AT Na. 


944444 / fax: (+31) 35 - 6943345 


9800-964093 


Internet: http://wwwultiboard.com 


for only £ 795.- 


t -BcaLt FREE” 
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Logarithmic-Periodic 


Test Antenna for 200-1300 MHz 


The new Model 
LPDA-200/1800 log- 
arithmic-periodic 
test antenna is ideal 
for measurements 
according to the fol- 
lowing standards: 
CISPR, VDE, MIL, 
VG, EN55011, 
EN55013, EN55015, 
EN55022 and MIL- 
STD-4561. 


It is specified for the frequen- 
cy range from 200 to 
1300 MHz, but is also suitable 
for up to 1800 MHz. The po- 


larisation is linear (horizontal 
and vertical) and the imped- 
ance is 50 ohms. The antenna 
can be used for RF power up 


to 1000 W CW. The connec- 
tion is made through a female 
N-connector with 50-ohm im- 
pedance. Due to the excellent 


design, the weight of the 
90 cm x 80 cm antenna is only 
2.4kg. On request the unit 
can be delivered calibrated 
and then the antenna factors 
will be supplied as hardcopy. 
In addition to this antenna 
Telemeter Electronic can pro- 
vide a broad spectrum of 
EMC test equipment, includ- 
ing LISNs, horn antennas and 
absorbing clamps. 
Distributors enquiries are wel- 
come. 


Telemeter Electronic GmbH, 
Joseph-Gansler-Strasse 10, D- 
86609 Donauwérth, Germany. 
Tel. (+49) 906 70693-0, Fax 
(+49) 906 70693-50. 

(967093) 


Smart Communica- 
tions, the leading 
supplier in emula- 
tors, programmers 
and development 
tools, has just 
launched a brand 
new range of 
adapters and test 
sockets to be used 
in development lab- 
oratories, test, ser- 
vice and production 
departments. 


“SMART Communications is 
continually updating its prod- 
uct range to meet the require- 
ments of its demanding cus- 
tomers. The initial reaction 
from the trade has been ex- 
tremely positive” says Bill 
Upsdale, Managing Director of 
SMART Communications. 
The SMART collection of 
sockets are mainly of the Zero 
Insertion Force (ZIF) type. 
They can be purchased in any 
one of the following styles: 
DIP SDIPR PLCC, PGA, 
SOP/SSOR TSOP SOJ, 
SIP/SIMM and QFP. This wide 
selection of sockets is ideal 
for test applications, develop- 
ment projects and for use on 
your production boards. 

The programming adapters 
enable you to programme 


New range of adaptors 
and test sockets 


your devices on a standard 
DIP programmer. 

The prototyping adapters pro- 
vide the ultimate flexibility in 
that they enable you to con- 


figure your development 
boards for production and still 
use them in development. 

It is important to note that 
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your devel- 
opment de- 
vices may 
well be of a 
different pin 
configuration 
and yet still 
be plugged 
into a pro- 
duction 
board. The 
special field 
configurable 
adapters and 
IC isolator 
adapters for 
DIP to DIP 
PLCC to 
PLCC and 
DIP to PLCC 
configura- 
tions allow 
you to either 
make up 
your own 
adapters or 
isolate cer- 
tain pins on your device to 
help solve problems. 

Says Bill Upsdale, “This is a 
major break through in the de- 
sign of adapters. Prior to this, 
engineers very often had to 
design separate boards for 
development and final pro- 
duction.” 
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The emulator adapters are 
equipped with a special plug 
and a standard DIP. This fea- 
ture allows you to plug your 
standard emulator cables di- 
rectly into your production 
socket. 

The SMART collection has 
been designed with the cus- 
tomer in mind, providing easy 
to use and hassle free solu- 
tions. Nothing has been left to 
chance. With this in mind, 
every possible conceivable 
compatiblity problem has 
been considered to ensure 
that a suitable adapter is al- 
ways available for your indi- 
vidual requirements. 

SMART Communications is lo- 
cated in North London with a 
large office and warehouse to 
provide a quick turnaround 
service. In addition to product 
excellence, SMART Commu- 
nications knows it offers the 
best prices. Let us quote for 
you, and see the difference! 


SMART Communications, 2 

Field End, Arkley, Barnet, 

Herts ENS 3EZ, England. 

Tel. (0181) 441-3890, fax 

(0181) 441-1843, Email: 

Sales@Smartcom.co.uk. 
(967096) 
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Ina linear power 
upply unit that con- 
_verts high input po- 
tentials into low out- 

ut voltages, an ap- 
_ preciable part of the 
input energy is lost 
in heat dissipation. 
This means that if 
the unit does not use 
high-wattage compo- 
nents and/or heat 
sinks, the available 
output current is 
~ small when the dif- 
- ference between 
input and output 
voltages is great. 
This difficulty is obvi- 
ated by the power 
as supply unit de- 
scribed in this article, 
which, in use, auto- 
_ matically selects one 
of two (secondary) 
input potentials. 


Design by W. Schubert 
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Vy: high-efficiency 


power supply 


single regulator: 
two input voltages 


An adjustable 3-pin voltage regulator 
is ideal for use in a workshop power 
supply intended to provide output 
voltages of up to, say, 40 V. A Type 
LM317T regulator in a TO-220 case can 
pass a current of up to 1.5 A and, in 
theory and with an infinitely large 
heat sink, can dissipate up to 15 W. The 
same regulator, but in a TO-3 case (the 
Type LM317K), can dissipate up to 
20W. In practice, the regulator, 
mounted on a fairly large heat sink, 
can dissipate 10 W (T) or 12 W (K). 
This is rather lower than the theoreti- 
cal value, but it ensures that the power 
supply can cope with all the tasks re- 
quired of it (within its design specifi- 
cation) in the workshop. 

Nevertheless, there 
is yet another situation 
in which difficulties 
may arise and that is 
when a very low out- 
put voltage is needed. 
Since the input poten- 
tial, U;, of the regulator 
is virtually constant, 
there is then a fairly large difference 
between this and the output voltage, 
U,, of the regulator. Figure 1 shows 
the correlation between the output 
current, [,, and Ug = Uj—-U,. The char- 
acteristic shows that in the range 0-2 V 
(approx), which represents the drop- 
out voltage, U,, of the regulator, no 
current can flow. The drop-out voltage 
is the sum of the loss in the internal 
output transistor and that in the emit- 
ter resistor. When the required U, is 
higher than U,, the regulator can de- 
liver the maximum current permitted 
by its internal current limiter. 

At a certain value of Uy = Uj-U,, 
which is here about 12 V, the maxi- 
mum dissipation occurs, so that the 
current limiter is no longer effective. 
The maximum current drops in pro- 
portion with falling U,, until U; = 40 V 
and U, = 2 V, when it is only 500 mA. 
All this presupposes an effective heat 
sink. 


A SOLUTION 
There is a way of obviating the fore- 
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going difficulties and 
that with few compo- 
nents and without re- 
course to an expensive 
heat sink: halving the 
input voltage to the 
regulator when a low output voltage is 
needed. This requires a mains trans- 
former with two secondary windings, 
however. 

The regulator Ic in Figure 2, in con- 
junction with Pi, Rs, Rg, D; and Cy-Ce, 
is arranged in its standard application. 
Capacitor Cg improves the suppression 
of any residual ripple. 

Diode D3 prevents the output volt- 
age rising above the input potential 
when the load is capacitive or induc- 
tive. This component is linked via D, 
to a bridge rectifier and reservoir ca- 
pacitor, which in turn are connected 
across an 18 V secondary winding of 
mains transformer Tr). The maximum 
attainable output voltage of this por- 
tion of the circuit is about 22 V. 

The alternating voltage across the 
lower secondary of Tr, is separately 
rectified. The resulting direct voltage is 
added via T, to that derived from the 
upper secondary of Tr;, when U, rises 
above about 20 V. 

The potential across Rg and Rg is 
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the heat sink 


The size of the heat sink must be computed for the worst case. 
When the output potential < 20 V. only the voltage regulator is 
used. The difference between input voltage and output potential, 
Ug = U;- Up, is not greater than 23 V (24.2 V - 1.2 V). Since the 
continuous dissipation of the LM317K must not exceed 20 W, the 
maximum output current must not be greater than 900 mA at the 
peak value of Uy. 

The rise in temperature caused by a dissipation of 20 W must 
not exceed 85 K (assuming an ambient temperature of 40 °C), 
since the junction temperature must not rise above 125 °C. 

The maximum permissible junction-to-ambient thermal resis- 
tance is thus 85/20 = 4.25 KW. 

The ic has a thermal resistance (Ryj7j.¢)) Of 2.3 K W-1, to which 
must be added that of the mounting surface (Rinim)), which, de- 
pending on the degree of isolation (quality of the heat conduct- 
ing paste), is somewhere between 0.2 K W-! and 0.9 K W1, say, 
0.6 KW, 

Thus, the thermal resistance of the heat sink must not exceed 


85/20 - (2.3 + 0.6) = 1.35 KW. 


A similar calculation must be carried out for the case when 
Up >20V. 

Since the emitter potential of T; in conduction is always 2Up, 
lower than its base voltage (which is heid stable by Dz), the volt- 
age drop across T, is a constant 11.2 V. 

The peak value of Uy is 38.7-20 = 18.7 V. The permissible dis- 
sipation is still 20 W, so that the regulator can provide a current of 
up to 1.1A. The dissipation of T; at this current is 
17.2*17.17 = 12.3 W. 

It is convenient to calculate the heat sinks for IC; and T, sep- 
arately, since that for the ic is already known. That for T, is 


ATIP, — (Pinj-c) + Rinimy) = 
85/12.3 - (1.92 + 0.6) = 4.4KW! 


The total requisite thermal resistance is that for IC, in parallel with 
that for T;, i.e., 


ATIPY ~ (Ringo) + Rinimy) = 


then high enough to enable T,, which 
in turn causes T> and darlington T, to 
be driven into conduction. The poten- 
tial at the input of IC, is then about 
40 V. Diode Dy, is reverse-biased and 
prevents short-circuits. 

The switching effected by T; and T3 
has a small hysteresis, which prevents 
any ‘clattering’ when U, hovers 
around the switching level of 20 V. 

The test values shown in the dia- 
gram are valid for output voltages of 
10 V and 30 V respectively. 

The LM317 can handle a maximum 
U4 of 40 ¥. Although the Ic does not 
get damaged at higher differences, it 
simply ceases to operate. Diode D3 
therefore ensures that the base poten- 
tial of T, cannot rise above 39 V. 

The peak output voltage is a few 
volts lower than the zener voltage 
(39 V). The threshold voltage, U,, at 
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1/1.385 + 1/4.4= 1KW, 


which the upper section of the supply 
is enabled is proportional to the value 
of Ro. When this resistor is 330 Q as 
specified, U, is 20 V; when the resis- 
tance is increased, Li, rises. 

The hysteresis, which with values 
as specified in the diagram is 1 V, is 
proportional to the ratio Rg:R. 


DISSIPATION 

When the supply is required to pro- 
vide high currents for short periods of 
time only, a fairly small heat sink of 
about 2 K W-! suffices. 

When continuous operation is fore- 
seen, the heat sink must be computed 
as relevant (see box). The LM317K 
{TO-3 case) has a thermal resistance 
(junction-to-case) of 2.3 K WI; that of 
the LM317T (TO-220 case) is 4 K W-!. 

The maximum junction tempera- 
ture is 150°C in case of the LM317K 
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and 125°C for the LM317T. 

It should be borne in mind that 
darlington transistor, T; (TO-220 
contributes to the heat generati 
some 2 K W-1, 

Both the voltage regulator and. 
darlington transistor must be iso 
from the heat sink, which shou 
firmly strapped to ground. 
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After our introductory 
article on IrDA data 
communication in the 
_.. April 1996 issue we 
now propose a minia- 
ture IrDA trans- 
ceiver which 
goes straight on 
to your PC’s 
RS232 port. The 
intelligent IrDA 
interface con- 
veys data ata 
speed of up to 
115 kbit/s without 
using a cable con- 
nection, for example, 
between a desktop 
computer and a 
portable computer 
within a range of 
about 3 m. The hard- 
ware is built around a 
chip set from Temic, 
while the software 
runs under 
Windows 985, fully 
supporting its 
Plug&Play function. 


Design by K. Walraven 
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Although serial data 
communication is by 
no means a novelty 
in computer land, it is now unified as 
regards standards, mainly as a result 
of the work carried out by the In- 
frared Data Association (IrDA), which 
is basically group of over 70 manufac- 
turers in the electronics industry. The 
IrDA-1 standard which was published 
towards the end of 1995 supersedes 
the manufacturer-specific systems 
which were in use up to then, en- 
abling infrared communication to be 
implemented on any device having a 
serial interface. The IrDA-1 standard 
has ramifications for the consumer as 
well as the professional electronics 
market, and its application is by no 
means restricted to computers and 
their peripherals. 

Post-installing an IrDA interface on 
an existing piece of equipment re- 
quires at least a type 16550 compati- 
ble UART, which is currently the stan- 
dard for all IBM-compatible PCs and 
their peripherals such as printers, 
scanners and modems, but also tele- 
phone systems, electronic test instru- 
ments, data loggers and organizers, to 
mention but a few examples. The sec- 


: on 


ond requirement is that the device has 
IrDA driver software provided by the 
manufacturer (firmware) or the user 
(as an upgrade). 

Telefunken Microelectronic (Temic), 
being one of the leading members of 
the IrDA group, offers a series of spe- 
cial components for IrDA compatible 
interfaces. Components for pulse pro- 
cessing are produced (depending on 
the data rate, bits are shortened to a 
length of 1.41 to 22.13 ps to save power, 
and restored to their original length by 
the receiver), as well as IR modules 
containing receive and transmit diodes 
for the 850-900 nm range. Also avail- 
able are single photo didoes and PIN 
diodes which may be used to imple- 
ment infrared links with an extended 
range. 


INTERFACE 

AND IR MODULE 

Thanks to these easily obtainable and 
relatively inexpensive components, it 
is possible for the advanced hobbyist 
to ‘upgrade an existing computer de- 
vice with an infrared interface, using 
relatively few parts only. All that is re- 
quired basically is a transceiver as 
shown in Figure 1. The transceiver 
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consists of two functional blocks, a 
type TOIM3232 RS232-to-IrDA inter- 
face, and an infrared receiver/trans- 
mitter module type TFDS4000, 

A number of options are available 
as far as the interface is concerned. If 
your system has a so-called super-Il/O 
controller, then you do not need a 
separate interface IC be- 
cause an IR interface is al- 
ready provided. The sec- 
ond option is the use of a 
TOTM3000 which is per- 
fect for interfacing with 
certain UART types. The 
last option is the 
TOIM3232 which is a uni- 
versal solution, really, be- 
cause it is UART-indepen- 
dent and works with any 
RS232 interface. The main 
task of the TOIM3232 is to 
shorten transmitted 
pulses, and stretch re- 
ceived pulses to their orig- 
inal length. Two selections 
are available as regards 
the pulse length: either 
you use 1.617 jis, which is 
the default value and pre- 
ferred for use with bat- 
tery-operated equipment, 
or Meth of the original 
pulse length. Another 
function of the TOIM3232 


3.6864 MHz 


operating mode via 
the RS232 interface. 
First, the [C is reset 
(RESET = high-level 
pulse) and then the 
BR/D pin is pulled 

high. This prepares the transceiver for 
the acceptance of a control byte, trans- 
mitted via RS232. The control byte 
consists of two characters of four bits 
each, as shown in Figure 2. Bits $2 and 
S1 allow the levels of the outputs with 
the same names to be determined, for 
example, to switch a device function 


=| BAUD-RATE { 
GENERATOR] 


TFDS4000 
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sensitivity during re- 
ception, The second 
character (B3-B0) sets 
the baudrate as 
shown in ‘Table 2, 
That concludes the 
programming of the TOIM3232, and 
data may actually be transmitted as 
soon as BR/D is made logic low. The 
programming is, of course, part and 
parcel of the IrDA driver software, 
which is discussed further on. A con- 
densed datasheet of the TOIM3232 
may be found elsewhere in this issue, 


The second build- 
ing block is the in- 
frared transceiver type 
TFDS4000, This com- 


is the generation of a 
clock for the IrDA data 
communication, a suitable 
signal not being available bec 
on the standard RS232 in- , 

terface. Fortunately, an IrDA clock is 
easily provided by adding an external 


like stand-by, The 
: present circuit =| 
ues 52 only ff 
to raise the 


second character 


3.6864-MHz or 3.68-MHz quartz crys- x S2 s1 so B3 B2 BI BO 
tal or resonator, and connecting it to where 

the internal oscillator via pins X1 and x: don’t care 

X2. Up to 14 different baudrates may S1,S2: user progammablie 

be selected via the BR/D input. As SO: pulse length 1.617 us or “eth bit length 


shown in Table 1, the TOIM3232 is 
programmed by selecting the desired 


baudrate, BO = LSB 


Table 2. Baudrate settings 


Table 1. UART-programming 


STEP |RESET| BRID TD_IR| Comments B3 B2/ B1 | BO Hex Baudrate 
1 Hints x 43 | - es - Resets all internal registers. Resets IrDA default 0 0 0 0 | 0 115.2 k 
call baud rate of 9600 bit/s. GPlal|lpisz. 57.6 k 
2 Low x x x x x Wait at least 7 us re] 0 1 0 ; 2 38.4 k 
3 | Low | High ° ¥ g x Wait at feast 7 us. The Teivasie now enters (@] 0 1 1 3 19.2 k 
the contro! word (programming) mode. 0 , 0 0 4 ak 
it ¥Z Sending the contro! word YZ. Send '1Z’ if 1.627 : 
with ¥ = 7 for ' us pulses are used. Otherwise send '0Z' if 6 1 @ i 0 2: 8 128k 
: 1.627 us bit pulses are used. ‘Y6" keeps the 9.6 kbit/s t + 
a Ome | ete | *  * | data rate, whereas the ‘OZ’ selects the %« bit, i O 1 1 0 6 9.6 k | 
for %s bit time pulses. Z = O sets to 115.2 kbit/s. Then j ! 
length ' wait at feast 1 us for hold-time. | 0 1 1 1 c 72k 
Data communication between the TOIM3232 7/0;)0.0)]8 48k 
and the RS232 port has been established by 
BRID LOW. The TOIM3232 now enters the data 7|/O0|;0 7)9 3.6 k 
transmission mode. Both RESET and BR/D 
y 1 1 A H 
5 Low | Low DATA DATA | DATA | DATA must be kept LOW (‘0’) during data mode, Soft- 0 0 2.4k 
ware can reprogram a new data rate by restart- 1 ré) 1 1 B 18k 
ing from step 3. The UART also must be set to 
the correct data rate ***}. fi/7Tlo;ale¢ 12k 


Elektor Electronics 11/96 


e-ees Rel. output intensity [%] 
Rel. sensitivity [%] 


ponent contains a 
transmitter and a re- 
ceiver diode which are 
specially geared to IrDA 
communication. In ad- 
dition to these opto- 
electronic parts, the TFDS4000 also 
contains an amplifier for the receiver 
diode, and two buffers which drive 
the transmitter diode and the received 
data line. An important function is as- 
sumed by the block marked automatic 
gain control, which serves to set the re- 
ceiver sensitivity. The AGC enables the 
TFDS4000 to achieve excellent noise 
immunity. The threshold at which the 
TFDS4000 responds to an input signal 
is twice as high with the SC (sensitivity 
control) pin not actuated than with SC 
logic high. 

The requirements as regards the 
optical range of the IR 
transmitter are not par- 
ticularly high at just 
Im. Because the direc- 
tivity of the IR diodes is 
relatively high (Fig- 
ure 3), an average cur- 
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rent of 100 mA is suffi- 
cient for the transmitter 
diode to achieve a radi- 
ation intensity — of 
150 mW/sr, which eas- 
ily complies with the 
IrDA standard. External transmitter 
diodes may be connected if larger 
ranges need to be covered. 


CIRCUIT DESCRIPTION 
The complete circuit diagram of the 
IrDA interface (another first for home 
construction brought to you by Elektor 
Electronics) is shown in Figure 4. The 
range of the interface is boosted by the 
addition of a high-power infrared 
transmitter diode type TSHF5400 (D6), 
or even three more of these (D01, D02, 
D03). D6 is connected in series with 
the internal transmitter diode con- 
tained in the 
TFDS4000. The — in- 
creased supply voltage 
of 6.8 V (as compared 
to about 5.5 V at supply 
voltage pin 3) raises the 
radiation intensity by 


BCB17-25 
IN4148 
+ + 


60 


1N4148 
950107 - 11 


about 25% with respect to the stan- 
dard application (i.e., without D6). 

Having discussed the main func- 
tions of the IC1 and [C2, all that re- 
mains, really, are a number of supply- 
related sub-circuits. 

The RS232/IrDA interface can only 
work on real RS232 ports with sym- 
metrical line voltages (£12 to +15 V, 
dropping to +8 to +9 V during use). If 
your PC uses TTL levels instead, then 
a level conversion circuit is required 
such as the MAX232. 

The sub-circuit around transistor 
T4 forms a direct voltage source with 
a fixed output voltage of 5.5 V which 
is used to power the ICs. Diode D1 
acts as a rectifier, blocking the negative 
potential which also occurs on the 
RTS line. An external supply voltage 
may be applied via D2. The RI line on 
the R5232 interface is not normally 
connected. 

The jumper (or a switch, if you like) 


Elektor Electronics 11/96 


rE a ee yp er ee oe ee 


allows you to deter- 
mine whether the IR 
transceiver is perma- 
nently powered, or 
switched off via the 
shutdown output (SD) 
of the TOIM3232 when 
there is no data traffic 
on the interface. Unfortunately, this 
energy-saving function, which is par- 
ticularly useful with battery-operated 
computers, is not supported by the 
driver software, so that you may want 
to fit a switch at this location instead 
of a jumper. As already mentioned, the 
two transmitter LEDs are operated at 
a slightly higher voltage. 

The data output of the TOIM3232 
(RD232) is buffered by T2 and then fed 
to the RxD terminal of the RS232 in- 
terface. LED D7 indicates that data is 
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being received. Level 
converters can not be 
avoided on RTS, TxD 
and DTR because the 
Temic ICs have to be 
protected against the 
negative RS232 line po- 
tentials on these output 
lines, Protection is afforded by diodes 
D3 and D4 which divert the negative 
voltages to ground, via current limiter 
resistors R1 and R3. Transistors T1 and 
T3 then buffer the signals so that they 
remain within the 
proper range (max. 
0.5V below ground, 
and max. 0.5 V above 
the supply voltage) 
for the BR/D and 
TD232 inputs. The sit- 
uation with the DTR 


line is slightly different, R10 and R9 
limiting the voltage to just under 5 V, 
while the negative voltage reaches the 
(optional) transmitter power stage via 
D05 (or D06 when the DTR line is high, 
conveying a RESET). 


NEED MORE POWER? 
The (optional) transmitter power stage 
allows distances of up to 3 m to be cov- 
ered by the interface. The three series- 
connected IREDs (of the same type as 
D6) are operated in parallel with the 
TFDS4000, and driven directly from 
the TDIR output of the IrDA interface. 
Normally, the gate of TO1 is held at a 
negative potential via resistor RO1. ca- 
pacitor C01 isolates the FET gate from 
the ICI, so that the rectangular output 
signal from the TDIR output re-ap- 
pears as a pulse train at the gate of the 
TN0201. Diode D04 short-circuits the 
edges which are negative with respect 
to the source potential. The current 
through the three diodes is set by re- 
sistor RO2, and has a value between 
100 and 150mA depending on the 
exact level of the negative potential 
supplied by the PC’s RS232 port. The 
optional power stage yields an extra 
radiation intensity of up to 150 mW/sr. 
Under favourable conditions (few 
sources of interference), it allows a dis- 
tance of up to 10 m to be covered. 


CONSTRUCTION 

The circuit is by no means simple to 
build on the small, double-sided 
printed circuit board we supply ready- 
made through the Readers Services. 
All parts are SMDs (surface mount de- 
vices), and should be handled and sol- 
dered with care. If you only have a 
regular-sized soldering iron, a thick 
copper wire may be wound around 
the tip. This wire is all right for sol- 
dering the SMDs if you use extra-thin 
soldering tin. Do not 
panic when the odd 
drop of excess solder 
tin lands here and 
there on the board, or 
even on the IC con- 
nections, because they 
are easily removed 


using — desoldering 
braid. 

Start the construc- 
tion by fitting the ICs 
and the parts at the centre of the 
board, and then work towards the 
edges. The polarity of some of the de- 
vices, in particular, electrolytic capaci- 
tors, is often difficult to see, and varies 
between manufacturers and even be- 
tween types. In most cases, a band or 
a notch indicates the positive terminal, 
while a black triangle is used to mark 
the negative terminal. Jumper JP1 
must be set to position ‘A’. The 9-way 
sub-D connector is soldered at both 
sides of the board. When all parts are 
mounted, run a careful check on each 
and every solder joint. If everything is 
okay so far, you are ready to start 
using the interface. But first you need 
to obtain and install the 


IRDA DRIVER SOFTWARE 
In addition to the (free) Windows 95 
IrDA driver 2.0 (from Microsoft), three 
hardware-specific files are required for 
the Temic chip set. 

The IrDA 2.0 driver software may 
be downloaded from the Microsoft 
support software site on the Internet, 
while the Temic program files may be 
found on a disk that may be ordered 
from the Elekfor Electronics Readers Ser- 
vices under order code 966020-1. Mind 
you, the software is only suitable for 
use with two Windows 95 PCs, For 
other applications (like communica- 
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tion bewteen a PC and a 
printer) you must have IrDA 
driver software available in the 
relevant peripheral! 

IrDA 2.0 may be found at 
http://www.microsoft.com/win- 
dows/software/irda.htm. On 
this page you only have to click 
on IrDA 2.0 (Infrared Driver), and 
follow the installation instruc- 
tions. After the 
installation, the 
driver files are 
located in a sub- 
directory named 
msir20 on your 
hard disk. Next, use the Win- 
dows Explorer to copy the files 
temic.vxd, infrared.cnt and in- 
frared.inf from the floppy disk 
into the msir20 subdirectory. The latter 
file should overwrite the one supplied 
by Microsoft, while the other two are 
simply added. 

Having, connected the interface 
(normally, you would use COM2, if 
available, of course), you may run 
setup.exe in the msir20 directory. This 
launches a Wizard which guides you 
through the installation steps for the 
IrDA driver. Select Manufacturer: Tentic 
from the menu, the type TOIM3232 
will then automatically appear in the 
Models window. In the next windows 
you select the COM port to which the 
IrDA interface is attached. The follow- 
ing menus indicate virtual ports via 
which the IrDA interface may be ac- 
cessed by Windows programs. Select 
the default ports COM5 and LPT3 (re- 
member, they are virtual). After going 
through two more menus, the instal- 
lation is finished. The IrDA driver sym- 
bol (Figure 7) may then be found back 
in the Control Panels window (you 
may have to do a Refresh from the View 
menu). The IrDA interface is actuated 
by double-clicking on the symbol. The 
Infrared Monitor window appears 
(Figure 8) which indicates the status of 
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the connection. 
Every three sec- 
onds, the program and the interface 
look for other IrDA devices wit 
range. The green LED lights on 
board when the IrDA interface t 
mits. Similarly, the yellow LED i 
when a signal is received. As soon. 
another IrDA interface is spotted, 
name (ID) of the associated dey 
(computer, printer, etc.) appears on 
status screen. As illustrated in 
we located (within range) a comp 
having the ID Pentium 95. 


nications program which runs un 
Windows 95. Whatever program 
may use, be sure to select COMS 
LPT3 as the virtual communication 
port, this will automatically direct 
to/from the IrDA interface. Activity is 
then indicated by beeping sounds and 
the IrDA device scanning symbo 
which appears in the right-hand bot- 
tom corner of the display. The scan-. 
ning symbol (as shown in the top left 
hand corner of Fig. 8) also indicates 
that data is being transmitted, Click on: 
it to pop up the Infrared Monitor. 
The Direct Cable Connection utili 
may even be used as a communication 
program if you want to set up a cord- 
less connection between two PCs 
your laptop and your desktop PC) 
This utility may be found on the 
dows 95 CD-ROM under Comm 
tions in the Add/Remove Software s 
tion. Click on Details, and tick the box 
marked Direct Cable Connection. Afte 
the installation, you will find Di 
Cable Connection under Accessories it 
the Programs menu. After clicking 
the program, you first. indicat 
whether the PC acts as a host or 
guest. In the next menu, you select Se- 
rial cable on COMS, or Parallel. 
LPT3 to implement transmission/ 
ception via the IrDA interface, 


~~ 


er involved with 
onics at a pro- 
ional level or just 
hobby, many of 
will have been 
ipted sometimes 
ve a go at renai- 
ing an electronic 
‘appliance in or 
around the home. 

any readers will 
saved on huge 
repair bills in this 
y. Unfortunately, 
few of you will be 
able to boast the 


prone to die in the 
‘power supply, or 
istor R86 has an 
strange but strong 
dency to burn out. 
Not to worry, howe- 
er, if you can’t find 
ord a repair buff, 
cause help for DIY 
air may be found 
on the Internet. 


repair tips 


Being electronically minded, many of 
you will be inclined to remove the 
cover of, say, a video recorder when 
this valued equipment suddenly refu- 
ses to play tapes. These days, the aver- 
age household has quite a few electro- 
nic appliances, which, as we all know, 
do not have eternal life. Items that 
come to mind in this respect are TV 
sets, video recorders and hifi stereo 
racks. Having one of these repaired 
professionally is usually pretty expen- 
sive. Moreover, many of you will ap- 
preciate the thrill of being able to find 
the fault. Repair tips and descriptions 
of the defective equipment are then in- 
valuable. If you are the fortunate user 
of an Internet connection, this may 
come in handy for your repair work. 
This month, we found a couple of in- 
teresting addresses for you to check 
out and use. 

The ‘Electronic Repair Tips Home 
Page’ at www.guernsey.net/~pad/ con- 
tains many pages with tips for various 
types of equipment. Here you find sa- 
tellite receivers, video recorders, TVs, 
hifi equipment, radio transmitters and 
receivers. If you have tips for certain 
items, you are invited to forward them 
and have them put on file. 

“Television Repair & Procedures’ at 
www.anatekcorp.com,/tv.htm — and 
‘VCR Repair Tips & Procedures’ at 
www.anatekcorp.com/verhtm are also 
interesting because of their articles on 
repair which may be downloaded as 
text files. 

Another site which is also worth vi- 
siting is www.paranoia.com/~filipg/ 
html/repair/. Many pages of repair tips 
are available here, including ‘Samuel 
Goldwasser’s Notes on Repair’ which 
cover a number of apparatus. The site 
also offers separate repair pages on 
TVs, video, CD players, switch-mode 
power supplies, microwave ovens, 
household appliances, scanning recei- 
vers and PC monitors, as well as con- 
nector pinout descriptions which are 
indispensable for repair work. 

This month’s column is closed off 
with a reference to one of the few ma- 
nufacturers who provide repair tips for 
their own products via the Internet: 
Philips. Starting from the page 
www.semiconductors.philips.com/ps/p 
hilips37.html you may surf to product 
information on Philips equipment, ge- 
neral descriptions covering the opera- 
tion of various types of audio/video 
apparatus (useful guidance during 
faultfinding) and technical documen- 
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tation of Philips components. Let's 
hope other manufacturers of consumer 
electronics will follow suit for their pro- 
ducts! For now, good luck with your re- 
pair work, and don’t forget that safety 
is and remains your first and foremost 
concern! (965087) 
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audible sound effects 
_ stored in an Ic are 
~ nothing special any 
more these days. A 
disadvantage of many 
_of them is, however, 
iat they are normally 

_ far too large to be 
‘built into the model 
appliance they are to 
_ imitate. The dimen- 
sions of the generator 
described in this arti- 
cle are such that it 
can be built into a 
model locomotive 
size HO without too 
much difficulty. 


Design by J. Schlaich 


The miniature circuit is based on the 
sound effects generator Type HT2830C 
Ic from Holtek, which was specially 
designed for this purpose. The 18-pin 
chip has all the necessary facilities on 
board for the generation of a specific, 
modulated tone. Its block schematic is 
shown in Figure 1, 

Central to the production of the 
sound are the blocks ‘tone generator’ 
and ‘noise generator’. The sound of a 
steam engine contains much hiss, so 
tone and noise must be mixed care- 
fully to arrive at the characteristic puff- 
ing sound. 

The rate at which the puffs are 
emitted is set by the ‘speed generator’, 
which gets its clock signal from the 
preceding oscillator and divider. 

The ‘LED driver’ enables two LEDs to 


flash in rhythm with the speed mod- 
ulation if desired. 

The ‘key input & control logic’ 
block may be considered as a control 
panel from which the entire process is 
controlled. 

Finally, there is the interestingly 
named ‘fighting sound generator’. 
There are various models of the 
HT2830 ic. The original version (with 
suffix A) produces the noise of an air- 
craft and that with suffix b, the sound 
of a helicopter. This is complemented 
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in both cases with the sound of a ma- 
chine gun or rocket launcher pro- 
duced by the ‘fighting sound genera- 
tor’. 

The version of the HT2830 used in 
the present circuit is C, which is specif- 
ically programmed to produce the 
sound of a steam locomotive. Since 
these are not normally equipped with 
machine guns or rocket launchers, the 
‘fighting sound generator’ here pro- 
duces the sound of a bell and a steam 
whistle. Unfortunately, these sounds 
are not very convincing; particularly 
that of the whistle is poor. However, 
they have been left as they are. If, by 
the way, you wish the sounds of ver- 
sion A or B, the relevant Ics fit on the 
board without any difficulty. 


CIRCUIT DESCRIPTION 
If the generated sound effects are to be 
controlled to personal taste, this can be 
effected by linking the key inputs 
(pins 4, 5, 6 and 9) to earth via push- 
button switches. However, in order to 
keep the present circuit as tiny as pos- 
sible, these options are not included. 
Even the Leps have been omitted for 
the sake of simplicity. In short, the cir- 
cuit has been kept to its essentials, that 
is, generating the sound of hissing 
steam — no whistles, no bells. 

The consequent circuit, as Figure 2 
shows, is simplicity itself. Diode bridge 
D;-Ds rectifies the alternating rail volt- 
age (in case of Marklin trains) and pro- 
tects the circuit against polarity rever- 
sal of the direct rail voltage (in case of 
Fleischmann trains). 

Voltage regulator IC; serves pri- 
marily as protection for the output dri- 
ver in IC;. This is necessary because in 
a.c. systems a voltage pulse of 24 V is 
placed on the rails to change over the 
direction of travel. 

Since the supply voltage for IC 
must not exceed 3.3 V, the power line 
is protected by zener diode D, and se- 
ries resistor Ro. 

Electrolytic capacitor C; ensures 
that brief supply variations and volt- 
age peaks on the power line have no 
lasting effect. 

Since the output of IC) (pin 5) can- 
not drive a low-impedance load, it is 
followed by darlington transistor Ty. 

As even miniature loudspeakers are 
far too large to be incorporated in a 
model locomotive, use is made of the 
insert of a 32 Q headphone (taken 
from a defunct headphone, although 
they are also commercially available). 

The speed modulation of the puff- 
ing sound is provided with a soft start 
by the manufacturers. This gives a 
very natural effect for it results in an 
audibly low puffing rate when the 
train moves away from a station. The 
rate increases in accordance with the 
time the supply voltage is switched on. 
At a certain point, the rate should, of 
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course, stabilize and this can be set 
with Py. 


CONSTRUCTION 

The generator is, of course, best built 
on the printed-circuit board shown in 
Figure 3. The board has been kept as 
small as possible: even fixing holes 
have been omitted. 

The components are fitted at both 
sides of the board, the majority as 
usual at the component side, but re- 
sistors Rj and R3 (surface-mount de- 
vices—SMDs) at the track side. 

Surface-mount devices must be sol- 
dered with a fine-tipped soldering iron 
and should not be over-heated. Pre-tin 
the terminals and solder pads before- 
hand. These tiny components are best 
kept in place during soldering with a 
pair of tweezers. 

Preset P; may be a dedicated smb, 
but a cheaper solution is to connect a 
standard preset to pins 1 and 18 via 
short lengths of circuit wire and adjust 
this to obtain the wanted frequency. 
Then remove it, measure the resistance 
between wiper and terminal and sol- 
der a resistor of the same value (SMD) 
between pins | and 18. 

Fitting the board into the locomo- 
tive will be tricky in most cases. It may 
be necessary to file away parts of the 
board as close to the components as 
possible. Fixing it in place is best done 
with thermal glue ~ make sure that 
there are no short-circuits between the 
board and metal parts of the locomo- 
tive or engine. 

Link the headphone insert direct to 
the collector of T, and the output ter- 
minal of IC, via flexible insulated cir- 
cuit wire. 

Solder the supply lines (flexible cir- 
cuit wire) direct to junctions D3-D, 
and D3-Ds. 

For clarity’s sake, all connections 
are shown in Figure 4. 

[960087] 
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Ready-made printed-circuit boards (PCBs), self-adhesive front panel foils, ROMs, EPROMs, PALs, GALs, microcontrollers 

and diskettes for projects which have appeared in Efektor Electronics may be ordered using the order form printed appasite 

The form may also be used to order books (private customers only) 

items marked with a dot (@) following the product number are in limited supply only, and their availability can not be 
quaranteed by the time your order is recelved 

» ttems not listed here are not available 

» The artwork for making PGBs which are not available ready-made through the Readers Services may be found in the 
relevant article. 

>» EPROMSs. GALS, PALs, (EVPLDs, PICs and other miceacontroliers are supplied ready-programmed 

Proas and item descriptions subjact to change, The publishers reserve the right to change prees without prior notification 

Prices and item descriptions shown here supersede those in previous issues. E.& 0.£ 


ORDERING INSTRUCTIONS, P&P CHARGES 


Except in the USA and Canada. all orders, except for subscriptions and past issues (for which see below), must be sent BY 
POST to our Dorchester office using the Order Form opposite. Please note that we can not deal with PERSONAL CALLERS. 
as no stock is carried at the editorial and administrative alfice 

Readers tn the USA and Canada should send orders, except for subscriptions {for which see below}. to Did Colony Sound 
Lab, Peterborough NH, whose full address is given on the order form opposite. Please include shipping cost according to 
total order value. For surface delivery in the USA. if order is lass than $50, include $3; $50+, $4, For Canada surface, if less 
than US$50, include US$5; USS50+, US$7.50, For air or other deliveries, please inquire. Please allow 4-6 weeks for 
dalivery 

All other customers must add postage and packing charges tor orders up to £25.00 as follows: UK and Eire £2.10; surface 
mail outside UK £2.60: Europe {airmail} £3.10; outside Europe (airmail) £3.85. For orders over £25.00, but not exceeding 
£100.00, these p&p charges should be doubled. For orders over £100.00 in value. p&p charges will be advised 


HOW TO PAY 


Unless you have an approved credit account with us, all orders must be accompanied by the full payment, including postage 
and packing charges as staled above 

Payment may be mada by cheque drawn on a London clearing bank (but see para 4 below), postal order, VISA, 
Access, MasterCard or €uroCard (when paying by credit card, the order must go the cardholder's address}. Do not send 
cash through the mail. Cheques and postal orders should be crossed and made payable to ‘Elektor Electronics (Publishing)’ 
Payment! may also be made by direct transfer from a private or business Giro account to our Giro account No, 
94 152 3801 by completing and sending to the National Giro Centre, in a National Giro postage paid envelope, a National 
Giro transfer;deposit torm, Do not send Gira transfers direct to us, as this will delay your order 

If you live outside the LIK, payment may also be made by Bankers’ sterling draft drawn on a London clearing bank, 
Eurocheque made out in pounds stecing (with holder's quacantee card number written on the back}, or US or Canadian 
dollar cheque drawn on a US or Canadian dank 

If you pay by Bankers’ sterling draft, make clear to the Issuing bank that your full name and address MUST be communicated 
to the London clearing bank. 

Our bankers are Natlonal Westminster Bank, 49 South Street, DORCHESTER, Dorsel OT1 1DW, England 
Our account number is 6966 3340. 


SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past issues, if available, should be ordered from Worldwide Subscription Service Ltd, Unit 4, Gibbs 
Reed Farm, Pashley Road, TICEHURST TN5 7HE, England, telephone (+44) 1580 200657, fax (+44) 1580 200616. 
Prites of past issues (except July/August and December), including postage for single copies, are £3.20 (UK and Eire} 
£3.50 (surtace mail outside UK); £4.75 {air mail Europe); £4.50 (airmail outside Europe). Prices at past July/August and 
December issues, including postage for single copies, are £4.25 (UK); £4.50 (surface mait outside WK), £4.75 (airmail 
Europe}: and £5.50 (airmail outside Europe) 


PAST ARTICLES 


For information on past articles, please contact our Editorial and Administrative Office in Dorchester (telephone 01305 
260995; fax 01305 250996). 


Components for projects appearing in Elekter Electroni¢s are usually available from appropriate advertisers in this magazine, 
\f ditficulties in the supply of components are envisaged, a source will normally be advised in the article. tt should be noted 
that the Source(s} given is {are} not exclusive — other suppliers may also be able to help 
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Delivery Although every effort wilt be made to dispatch your order within 2-4 weeks from receipt of your instructions, we 
can fot guarantee this time scale for all orders. 

Relurns Faulty goods ar goods sent in error may be returned for replacement or correction, but pot before obtaining our 
consent. All goods returned should be packed securely in a padded bag or box, enclosing a covering letter stating the 
dispatch note number. If the goods are returned because of a mistake on our part, we will refund the return postage Goods 
returned for refund must be in resaleable conditian and will be subject to a 10% nandling charge with a minimum charge of 
£2.50, 

Damaged goods Claims for damaged goods must be received at our Dorchester office within 10 days (UK): 14 days 
(Europe) or 21 days {all other countries) from the date on our ‘Recorded delivery’ slip 

Cancelled orders All cancelled orders will be subject to a 10% handling charge with a minimum charge of £2.50. 
Patents Patent protection may exist in respect of circuits, devices, components, and so on, described in our books and 
magazines. Elektor Electronics (Publishing| do not accept responsibility or liability tar failing to Identify such patent or other 
protection 

Copyright Al: drawings. photographs. articles, printed circuit boards. programmed integrated circuits, diskettes and 
software carers published in our books and magazines (other than in third-party advertisements) are copyright and may not 
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without the prior permission of Elektor Electromes (Publishing) in writing. Such written permission must also be obtained 
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damage suffered by the purchaser whatsoever or howsoever arising out of, or in connexion with, the supply of goods or 
services by Elaktor Electronics (Publishing) other than to supply goods as described or. at the option of Elektor Electronics 
(Publishing), to refund the purchaser any money paid in respect of the goods. 

Law Any question relating to the supply of goods and services by Elektor Etectronics (Publishing) shall be determined in all 


respects by the laws of England July 1996 


~ disk only 966018-1 
Hands-On Electronics: 

-MicroCap ¥ demo disks = 966021-1 
Headphones Amplifier 960109-1 
Sow ALF. Amplifier 9S6079-1 


Infra-red RS232 Link 
- PCB and disk 960107-0 


- disk only [Temic files} 966020-1 
Steam-Engine-Noise- 
Generator g60087-1 
Serial (0 Port 
OCTOBER 1996 
Video Test Chant Generator: 
- PCB, EPLD, EPROM and 

disk 960076-C 
- EPLD EPM7Q32 966507-1 
- EPROM 270040 966507-2 
- disk S6601t-1 
Mini Flash Programmer 
- PCB and software (disk) = 960078-C 
- Software only (disk) 966015-1 
Mini Metal Detector 960075-1 
Darkroom Timer 960086-1 
Sampling Rate Converter, 
- PCB and ST62T10 960093-0 
- §162T10 (1C2) 966511-1 
Tonfty Crystai Oven g60071-1 
Electric-Bulb Tester 960091-1 
Multi-Purpose Pascal 
10 Unit (disk only} $66013-1 


SEPTEMBER 1996 

Digital maxmin thermometer; 

- PCB and $162110 960010-C 
- §T62T10 (ICA) 966515-1 
Standby Unit for TV Economy 960063-1 


Digital Compass 960085-1 
S232 Interface for A'D 

Converter 1CL7106 

- sottware an disk 966016-1 
JULY!AUGUST 1996. 
Solar-Charging Regulator 930096 
Continuity Tester UPBS-1 
Symmetrical Power Supply UPBS-1 
Harmonic Distortion Meter = 936024-1 
Sound-to-Light Unit 950123-1 
§0-MHz dBm Meter 964039-1 
Precision Battery Capacity 

Meter 964040-1 
Video Fader 964076-1 
inexpensive AD,DA Converter: 

- PCB 964092-1 
- sattware an disk 966009-4 
Single-Ghip AF Power Amp 964104-1 
JUNE 1996 

Flash EPROM Programmer’Emulator 
-PCB + disk 960077-C 
- disk anly 966017-1 
Keyboard Swap for PCs 950126-1 
Stop that Barking! 960035-1 
23em ATV preamplifier 960072-1 
Pulsimeter 960005-1 
uralar Deterrent Lighting © 960022-1 


MAY 1996 

Intelligant Chess Clock: 

- PCB + 87051 (946645-1) 950097-C 
- 87051 946645-1 
Digital VU meter (2): 

- PCB + EPROM (946646-1) $50098-C 
- EPROM 270512 946646-1 
Surround Sound Subwoofer (3); 


- PCB §60049-1 
Mains Voltage Monitor: 
- PCB 960055-1 


64-Channel Logic Analyser: 
- main PCS, disk & IC4,IC5 960033-C 


- IG4 ispLS11016 966506-1 
- 105 ispLS11016 966506-2 
- disk (MSO0S) 966010-1 
~ extension PCBs (3-in-1)  960033-2 
- 1620/30/40 ispLSN016 © 966506-2 
APRIL 1996 

24028 Battery Charger 950120-1 
Centronics Interface: 

- PCB + disk (966008-1) 960052-0 
~ Disk (Windows) 966008-1 


PC-Controlled AF Analyser (2) 


- Software on disk 966001-1 
MARCH 1996 

Houseplant Buzzer 

{4 on 1 board) 950118-1 


PiC-Controlled RDS Decoder: 


-POB + PIC (968505-1)  960050-C 
- PIC 16C84 966505-1 
FEBRUARY 1996 

SIMM tester: 

> PCB + EPROM (966503-1)960039-C 
- EPROM 966503-1 
I2¢ Interface for Centronics 

port: 

- PGB + disk (946202-1) 950063-C 
~ control software on disk © 946202-1 
Passive VU meter $50124-1 
FM Receiver in SMT 936049 
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960029-1 


950078-2 
GCopybit Inverter 
- PCB + MACH/GAL 950104-0 
- MAGHGAL 956613-1 
Passive Component Tester 
- PGB S80002-1 
~ Front panel foil 
DECEMBER 1995 
3,3-15¥ Power Supply 950106-1 
Practice Amplifier for Guitars S50016-1 
Smart Transistor Tester: 
- PCA + PIC (956502-1) 950114-C 
- PIC 16071 956502-1 


Micro PLO System: 
- PCR + 87G750/51 + disk 950093 -C 


- 87 0750/51 956514-1 
- control software on disk = 956016-1 
Active potantiometer 954099-1 
Descaler 954080-1 
Active probe 954099-1 
Two-way PG-Fas Interface 954003 


NOVEMBER 1995 
PIP Processor 
- PGB + 87051 (956505-1) 950078-C 


87054 956505-1 
FM noise squelch 950089-1 
PA 300 power arnpiltier 950092-1 
Jogging LED 950112-1 
Oscilloscope presealer 950115-1 
OCTOBER 1995 
MatchBox BASIC computer: 
- PCB, 87051, disk and 
Quick Reference Gard 950011-6 
- 87051 956508-1 
+ Course diskette (DOS) 956009-1 
- Quick Relerence Card 950011-P 
Special Autumn Supplement: 
> Experimentation board tor 
PICs, incl. tree disk for PLO’ 
Enmulaton Using PIC Micra- 
contratiers 944108-1 
SEPTEMBER 1995 
Hi-Fi headphone ampillier = 950064-1 
Dongle safe: 
- PGB 950069-1 
- GAL IC2 (208) 956511+1 
- GAL IC6 (22V10) 956512-1 
HexFET power amp upgrade 
- amplitier PCB 930102 
+ power-on delay PCB 924055 


Copybit eliminator update: 
- PCB + MACH (956504-1) 950084-C 


- MACH IC 956504-1 
RF tone-dip oscillator 95095-1 
JULY/AUGUST 1995 
Active mini subwooler 36047 
Mini robot car 936069 


Simple RF function generatar 950029-1 
AlkaliManganese battery 

charges 950056-1 
Fast charger for NiCd batteries 

- PCB + STB2T20 (956509-1)950076-C 


- ST62T20 956509-1 
Simple \’0 card g84074-1 
6-\ motive battery charger =940083-1 
JUNE 1995 
Function generator; 

- PGB 950068-1 
> Front panel foil SS0058-F 


Electronic sandglass: 
~ PCR + BFCTS1 (946647-1}950052-C 


- 870751 946647-4 
Auto light control 950050-1 
VGA distribution amplifier == 950017-1 


MAY 1995 

MIDI analyser 

- PCB + EPROM (956507-1)940020-C 
- EPROM 956507-1 
Programmer for 8789051 

senes Flash controllers: 

- PCA + EPROM (956644-1)950003-¢ 


6.00 


29.00 


44.00 
35,25 


1.75 


12.00 


58.00 


$4.00 
70.50 


27.90 


Not available 


925 
W725 


44.25 
35.50 


44.50 
24.50 
10.00 
9.50 
ERE 
4.00 
W175 


18.50 
34.50 


48.50 
71.00 


49.00 
49.00 
20.00 
19.00 
11.50 
16,00 
23.50 


109 50 
61.50 
21,50 
39.50 
14,00 
55.50 


118.50 


aT ry TD 


er 


ji UG San 


T Please send this order form to * aa PEASE Soot age " a eine sa ne 
Elektor Electronics (Publishing) 8] nee D e R : e ORM 
P.O. Box 1414 = faa ao VAT No.GB 454 135 463 
Dorchester DT2 8YH 


ENGLAND 


Tel. (01305) 250995 
Fax (01305} 250996 


*USA and Canada resitents only: use $ prices. and send 
order form ta 

Qld Colony Sound Lab. P.O, Box 243, Peterborough, Post code 
NH 03458 
Tal. (603) 924-6371, 924-6526, Fax: (603) 924-9467 F Date 


Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and diskettes, 
state the part number and description; for books, state the full title; for photocopies of articles, state full 
name of article and month and year of publication. Please use block capitals. 


Order Code 
CD-ROM Elektor 1995. 


Description 
See page 36, Normal price: £41.00 (US$65.00). Reduced price for subscribers*: £37.00 (US$58.50), 


Method of payment (see opposite before ticking as appropriate) Tie Ohne calaea Tha cae po a Sub-total 
Note: cheques nat made oul in sterling must be increased by the equivalent of £15.00 i oflor notification. Prices:and items P&P 

ro 7 ere descriptions shown here supersede those in 2 
[_} Bank draft |_] Cheque (payable to Elektor Electronics Publishing) previous issues. © & OE. Total paid 


|_] Giro transfer (our account no, 34 152 3801) 
(_} Postalmoney order 


a 6 er (EE ) tai cate * Subscription number: 
emia aw ele eased aie 
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Elektor Electronics slipcase 


- EPROM $46644-1 14.80 29.00 - GAL-1 946639-1 11,00 22,00 800451 controller board 944069-1 18.00 30.00 
Programmable sine wave generator i -GAL-2 946639-2 13.00 26.00 Robust AF power amp 944075-1 9.75 19.50 
- PGB + disk (956005-1) 950004-6 19.50 39.00 Self-loading EEPROM type PC over-temperature alarm 944076-1 4.25 850 
- control software ondisk S§56005-1 12.25 2460 | X@aC6d SLIC 940116-1 8.25 16.50 1-4 MByte SIMM adaptor «= 944094-1 16.50 31,00 
NiCd battery-quality tester; Debugging 8031/8051 Optical doorbell 944080-1 6.25 12.50 
» PCB + ST627T15 (956506-1)950081-C 25.25 50.50 microcontroller systems; PIC experimenting board 944105-1 17.75 36,50 
- ST62T15 956506-1 18.25 36.50 - PCB + disk (946203-1) 940117-C 15.00 30.00 ACS transmitter with 800535; 

- software on IBM PC disk 946203-1 = 11,50 23.00 ~ PCB + disk (946199-1) 944106-C 13.00 26.00 
APRIL 1995 - software on IBM PC disk 946199-1 9.75 19.50 
Eiectroni¢g barometer 936033 8.50 t7.00 DECEMBER 1994 Small loop antennas: 
Bat detector 936046 10,25 20.50 In-car audio amplifier (3) g40078-2 30.25 60.50 - software on IBM PC disk 1951 W.75 21,50 
Sun blind control 950035-1 925 18.50 RF immune power supply  940054-4 9,00 18.00 Software emulation of RCS 
Function generator: ispStartes kit from Lattice: infra-red code: 


- PCB + front panel toil 950044-C = 21.75 43.50 ~ PCB + disk (946204-1) 940093-C 21,50 43,00 + software on IBM PC disk 1901 10.75 21.50 
- PCB 950044-1 11.00 22,00 ~ Examples on PC disk 946204-1 975 19.50 PIC programming course: 
- Front panel foil 980044-F 12.50 25.00 - files and misc, utilities on Price: £2.95 + P&P (27.50 UK: £2.04) outside UK) 
Stepper motor control: NOVEMBER 1994 IBM PC disk 946196-1 975 19.50 | 
- PCB + 8751 4 disk 950038-6 50.75 101.50 Single-wire communication 940055-1 400 800 | 
- arhl 956503-1 36.25 70.50 In-car audio amplifier (2) 940076-2 30.25 60.50 | JUNE 1994 | 
- test program on PC disk = 956004-2 375 7.50 Solid-state disk: 800535 SBC extension: 
- PCB + EPROM (946641-1)940085-C 47.50 95.00 - software on IBM PC disk 1941 9.75 19.56 
MARCH 1995 - EPROM 27256 946641-1 23.50 47.00 -9C display software on ‘ 
Telephane-contrallad mains. switch: | Simple capacitance meter 940091-1 10.00 20,00 IBM PC disk 946197-1 «9.75 19.50 Elektor Electronics on CD-ROM 
-POB + PIC (946642-1) G500T0-C = 22.00 44.00 | (20 bus booster 940057-1 4.25 14.50 
«PIC 16054 9466492-1 17.60 35.00 OCTOBER 1994 AS485 interface 940035-1 6.25 12.50 
DSP function generater Motive-battery charger 940083-1 7.25 14.50 Fuel consumption monitor 940045-1 6.00 12.00 
PCH + disk (956001-1) + Integrated AF amplifier Intelligent EPROM eraser 940058-1 $.00 18.00 
EPROM (956501-1) 850014-0 49.00 98.00 » output amplitier board 996062-1 950 19.00 
EPROM 270672 956501-1 13.25 26.50 - preamplifier PCB 996062-2 28.25 56.50 MAY 1994 
- Software on IBM PC disk 956001-1 1850 37.00 Tester for IR remote control 940084-4 6.50 13.00 Maing signalling system - 2 
+ Windows program manual 950(N4-F 7.60 15.00 In-car audio amplifier (1) 940078-1 14.00 28.00 - transmitter PCB. disk (1911) 
TOAIS600 car aucho TY tine manitor and EPROM (6371) 940021-20 33.25 66.50 
amplifier 950024-1 $50 19.00 -PCB + PIC (946643-1) S40065-C 26.25 52.50 - EPROM 27C64 Bart 13.25 26.50 
- PIG 16054 946643-1 20.25 4050 - Software on IBM PC disk 191t 9.75 19.50 
FEBRUARY 1995 ' 
MIDI muttiplexar 93010t 15.10 3000 : SEPTEMBER 1994 APRIL 1994 | 
Automatic lighting timer g40098-1 1B75 21.50 Switchable a.c. supply 934004 6.50 13.00 Mains signalling system - 1 | 
Intrareé dirnmer 940109-1 9.75 19.50 Compact frequency meter S40051-1 9.00 18.00 - receiver board 940021-1 1925 20,50 | 
Light-effects generator $40100-1 6.50 13.00 Revolution counter: 68HC11 processor board 930123 776 16.50 | 
Upgrade your car batlery - sensor board (option) 940045-1 6.00 12.00 Headphones amptitier 3406 1875 37,50 | 
charger 940111-1 7.90 14.00 - main board 940068-1 5.50 11.00 
Surround sound processor = 950042-1 16.75 37.50 MARCH 1994 A lour-language CD-ROM which contains all articles 
Induction motor governor = 940095-1 7,50 15.00 JULY/AUGUST 1994 800535 assembler course: published in 1995 (except news columns). 
General purpose IR volume - EMON52 ROM + disk (1811) 6227 W705 3410 : 
JANUARY 1995 contrat 930099 9.00 18.00 - disk (1BM PC format) 1811 $80 17.60 | | - For Windows 3.1/3.11/95 
Mint Audio DAG 940099-1 14.75 29.50 IR controlled switch 36066 976 19.50 100W AF amplifier ; |- Print PCB layouts at 600 dpi resolution 
t-to-d-phase converter: MIDI swell pedal - adaptor board 930039 $25 16.60 - Export text and schematics to other programs 
-PGB + GAL + EPROM © 940077-C 52.75 105.50 ~ PCR + EPROM (946635-11940019-C 926.75 53.50 : - Search articles for any keyword 
> GAL 946640-1 12.25 24.40 - EPROM 27C64 946635-1 13.75 27.50 FEBRUARY 1994 - Easy installation, no hard disk space used 
- EPROM 946640-2 15.75 31.50 Charge meter 940033-1 475 11.50 800535 single-board ~ deal for students, schools, colleges 
2.0.8.7 diagnostic card: Joystick-to-mause adaptor §=944040-1 700 14.00 | computer 924046 14,10 24.20 - Special reduced price for subscribers 
- PCB + GALs (946639-1/2)950008-C = 29.25 $8.50 Centronics (0 interface 944067-1 875 17.50 ° Copybit eliminator: 


Continued overeat 
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- PGB + MACH + GAL 


~ MACH + GAL 6d2t 
Mini praamptifiar 930106 
Bidirectional RS292-to- 

Centronics converter S334 
JANUARY 1994 

SIM — an 051 sirmnutator: 

- software on IBM PG disk 1931 
Digital dial $201k 
ADS decoder: 

-PCB + EPROM (6331) — 930121-C 
- EPROM 27064 Lick 
126 tester: 

- PCB + GAL (6541) 930128-C 
- GAL type 6001 6341 
Telephona-controllad switen: 

- EPROM 2764 6271 
DECEMBER 1993 
436 card with EPROM emulator: 

- GAL and PAL 6a11 
AMS AF voltmeter: 

- PCH 430108 
- front panel foil 9301 08-F 
(20 power switch 930001 
Medium power HEXFET 

amplifier 930102 
Microcontraler-driven UART; 

» PCA 9a0073 
- §762710 7151 
SGART switching box 93th 22 
NOVEMBER 1993 

Precision clock for PGs: 

+ PCB + disk (1871) A30058-C 
- software on IBM Pc disk 1871 
VHF/UHF TY tuner 

- PCBs -1 and -2, and 

a 87051 (7141) 930064-0 

yO 87051 m4 
Gutput amplifier with AF 

bandpass tilter 930071 
Digital hygrameter 

- PCB 4 EPROM (6301) = 930104-C 
~ EPROM 27 64 6301 
Power MOSFET taster 930107 
OCTOBER 1993 

Stereo mixer UPBS-1 
MIDI channel monitor 930059 
An meter with digital disptay 930068 
Autoranging frequency 

feadout 930034 
ROM-gate switchover for 

Atari ST 9a0dos 
Microntroller-driven NiGd 

battery charger 

+ board and STH2E15 920162-0 
- ST62E15 7071 


Fuzzy logic multimeter - 2: 

- PGA + Fuzzy Control One = 920049-C 
- Fuzzy Control One disk 1724 
SEPTEMBER 1993 

Fuzzy loge multimeter -1  — 920049-2 
Linear tamperature gauge 920150 
PC-aided transistor tester: 

- PCB 920144 
- software on IBM PC disk 1781 
Harmonie enhancer 930025 
PG alphanumerical display: 

- PCB + disk (1851) 990044-C 
- Software on IBM PD disk 1851 
Mini micro clock 

- PCB §30055 
- clock: ST62715 rab 
- darkroom timer: ST62T15 fara 
- cooking timer; $T62T15 7131 
990-170 MHz converter UPBS-1 
JULY/AUGUST 1993 

Active J-way loudspeaker 

system 930016 
Maxi micro clack 

~ PCa 930020 
- clock. STR2TIO 7081 
- darkroom timer: STH2T10 7091 
- cooking timer: ST62T10 7101 
SMD soldering station 930065 
VHF-low converter 926087 
[26 bus fuse (5 on 1 PCB) 994016 
Voice operated recording 934039 
General transformer PCB 934004 
Plant humidity monitor 934091 
Plant humidity monitor 

{supply} 934032 
Four-fold DAG card for PCs: 

- GAL 6251 
Multi-purpose display decoder: 

- EPROM 27128 6261 
JUNE 1993 

Spectrum VU meter 920151 
GAL programmer upgrade: 

- PCE 930060 
- software on IBM PC disks 1701 
~ idem. wo Opal Jr. disks 1881 
- software on Amiga disk 1841 
Digital frequency readout 

for VHF‘UHF receiver 926001 -2 
Inexpensive phase meter: 

- main board 930046 
+ meter board 920018 
> front parvel foul 930046-F 


990098-C@ 46.25 


42.25 
29,25 


14.00 


34.25 
12.75 


23.75 
1450 


36 25 
30.75 


14.50 


26.00 


12.25 
17.25 
6.25 


12.75 


4.75 
17.25 
14.25 


12.25 
4.50 


57,25 
26.75 


6.75 


28.00 
14.50 
92,50 


1.95 
14.00 
14.00 


12.50 
30.25 


25.50 
10.00 


23.75 
775 


20.00 
7.05 


9.76 
7.50 
13.50 


14.25 
850 


7.50 
11.50 
11.50 
11.50 

1.95 


21.50 


15.50 
11.50 
11.50 
17.50 
9.50 
15.50 
6.00 
6.00 
6.50 
4.50 


4.00 
10.75 


11.50 


13.00 


4.50 
11.45 
10.75 
11.00 


11.50 
9.00 


4.70 
17.25 


92.50 
84.50 
58.50 


28.00 


68.50 
28.50 


§1.50 
29,00 


72,50 
61.50 


29.00 


52.00 


24.50 
34.50 
12.50 


25.50 


9.50 
3450 
28.50 


24.50 
47,00 


114.50 
§1.60 


14.60 


56.00) 
29.00 
65.00 


3.90 
28.00 
28.00 


25.00 
60.50 


51.00 
20.00 


47.50 
15.50 


40.00 
14.10 


19.50 
15,00 
27.00 


28.50 
17.00 


15.00 
23.00 
23.00 
23.00 

3.90 


43.00 


1.00 
23.00 
23,00 
23.00 
19,00 
41.00 
16.00 
12.00 
14.00 

9.00 


8.00 
21.50 
23.00 


26.00 


9.00 
22.40 
21.50 
22.00 


23.00 
18.00 


9.40 
34.50 


X2404-t0-8751 interfacing: 


- software on IBM PC disk 1891 
MAY 1993 
FM stereo signal generator = 9211155 
Philips preamplifier: 
- PCH 930003 
- software on IBM PC disk 1861 
APRIL 1993 
Audio power meter S30018@ 
Video digitizer for PCs: 
- PCB + disk (1831) 930007-C@ 
- Software on IBM PC disk 1831 
Infrared ceceiver for BOCI2 
Single-board computer: 
- PCB and disk (1791) 920149-C @ 
~ software on IBM PC disk, 
also for DTMF decoder 1791 
4MB printer buffer card: 
- PCB 920009 @ 
- EPROM 27064 6041 
~ frant panel fail 920005-F@ 
MARCH 1993 
Linear sound pressure meter 930005 @ 
Electrically isolated RS232 
interface 920138 @ 
TV test pattem generator for 
8032 SBC: 
~ EPROM 27256 6151 
FEBRUARY 1993 
Digital audiovisual syste (4): 
- software package, EPROM, 
GALs and IBM PC disk 6181 
U2400B NiCd battery charger: 
~ PCB 920098 & 
- front panel foil 920098-F @ 
Oigital-audio enhancer 920169 @ 
I2C opto/relay card: 
- PCB 930004 @ 
- Software on IBM PC disk 1821 
Watt-hour meter: 
- PCBs -1 and -2, and 
EPROM (6241) 920148-Ce 
+ EPROM 27256 6241 
DECEMBER 1992 
1.2 GHz multifunction 
frequency meter 
- PCB + EPROM (6141) = 920095-C@ 
~ EPROM 270256 6141 
- front panel foil 920095-F @ 
Output amptitier for ribbon 
loudspeakers. 920135-le 
920135-2 @ 
Peak-delta NiCd charger 920147 @ 
Mains power-on delay 924055@ 
NOVEMBER 1992 
Difference thermometer 920078 @ 
Low-power TTL-to-AS292 
interface 920127 @ 
OCTOBER 1992 
Wideband active antenna 924101 © 
RDS demodulator a80209@ 
Pascal routines for Multl- 
function Measurement Cad 
for PCs: software on disk 1781 
SEPTEMBER 1992 
EPROM emulator - 11 
PCB 910082 @ 
- Software on IBM PC disk 129 
JULY 1992 
T2VDE to 240VAC inverter 
~ main board 920039-1@ 
- power board 920035-2 @ 
> front panel foil 920038-F @ 
JUNE 1992 
I7C display 920004 @ 
Guitar tuner; 
- PCB S233 @ 
- front pana! foil 920133-F @ 
Multi-purpose 280 card 920002 @ 
- GAL set (2x1BVB) 6111 
- BIOS EPROM 27128 6121 
- software on IBM PC disk Wi 
May 1992 
GAL programmer: 
- PCB §20030@ 
- software: see June 1993 
APRIL 1992 
80032 SBC extension ERE 
2-metre FM receiver Jide 
Automate NiCd charger UPBS-1 
LOD for L-C meter 920018 @ 
MARCH 1992 
4751 emulator 920NI@ 
- EPROM 27C64 + IBM disk 6051 
A-D/D-4 and V0 for I2G bus: 
- PCB S0td1-2@ 
+ software on IBM PC disk 1821 
FEBRUARY 1992 
8051/8032 assembler course: 
- EMON51 EPROM + course 
disk for IBM PCs (1661) 6061 


74 


11.15 


13.50 
10.30 
1.95 
470 


12.05 
29.40 


6.18 
7.65 


20.00 


22.40 


27.00 
20.60 
3.90 
9.40 


24,10 
58.80 


12.30 
15.40 


40.00 


- EMONS1 EPROM + course 


disk for Atari (16841) 6091 

- course disk for IBM PCs 1661 
- Course disk tor Atari 1681 
JANUARY 1992 
Mini 280 system 910060 
Prototyping board for 
IBM PCs 10049 @ 
PC-controlled weather 
station (3): 

- software on IBM PC disk 

(supersedes 1951 and 1561) = 1641 
DECEMBER 1991 
Class-A power amplifier (2): 

+ protection PCB 880092-3 @ 
- power supply PCB B80092-4 @ 
Connect-4 software in 
2764 EPROM 6081 
NOVEMBER 1991 
Relay card for universat 
WO interface 910038 @ 
Class-A power amplifier (1): 

- yoltage amp. PCA 880092-1@ 
- current amp. PCB 480092-2 @ 
Timer for CH systems UPBS-2 
24-bit full-colour video 
digitizer {extension for 
Archimedes project): 

- software on Arch, disk 1631 
OCTOBER 1991 
Audio spectrum shift 
encacer‘decader Nhe 
SEPTEMBER 1991 
Plotter driver: 

- sottware on IBM PC disk 1644 
JULY/AUGUST 1991 
Multifunction |'0 for PCs: 

-PCB 910029 @ 
- PAL 16L8 6994 
B/W video digitizer 
- PCB HO @ 
- sofware on Arch, disk 1591 
Stepper motor board - 2: 

- power driver board 910054-2@ 
JUNE 1991 
Universal battery charger S0INS4 @ 


Digital phase meter 


(set of 3 PCBs) 910045-1;2/3 @ 
Light transceiver UPBS-1 
Variable AC PSU: 

- PCB 900104 @ 
- frost panel foil 900104-F 
Light switch with TV IR ric S148 @ 
Real-time clock for Atari ST: 

- PCB 910005 @ 
- software on IBM PC disk 1621 
Stepper motor board -1; 

- PAL 16L8 6011 
MAY 1991 

800328052 Computer 910042 
Battery tester S06056 @ 
Universai I’0 interface 

for IBM PCs S104 @ 
APRIL 1991 

MIDI programme changer: 

- PCB 900198 @ 
- EPROM 2764 5961 
B-bit 0 for Atari: 

- PCB S10005 @ 
Wattmeter. 

- meter board 910011-1@ 
- display board 910011-2@ 
Tekironix'tntel file converter: 

- software on IBM PC disk 1589 
Dimmer for halogen fights: 

- transmitter board 910032-1@ 
MARCH 1991 

The complete preamplifier: 

> input board 890169-1 @ 
- main board 890169-2@ 
FEBRUARY 1991 

Multifunction measure- 

ment card for PGs: 

- PCB 900124-1@ 
~ PAL 16L8 561 

- software on IBM PC disk 1461 
MIDI-to-C¥ interface: 

- 2764 EPROM 5981 
ROS decoder: 

- demodulator board 880209 @ 
- processor board 300060 @ 
- EPROM 2764 5991 
NOVEMBER 1990 

Medium-power audio S008 & 
amplifier 

Programmes for the B751 

- PCB S001 @ 
- yt 87051 7061 

~ software on IBM PC disk 1471 
JULY/AUGUST 1990 
Compact 104 power supply 900045@ 
Intermediate projects UPBS-1 


20.00 
7.65 
7.65 

10.60 


21.15 


1415 


1035 


Ws 


24.40 
8.25 


22.60 
11,16 


28,50 


9.40 


26.15 
2.30 


6.15 
16.45 
5.60 


6,15 
7.65 


8.25 
12.05 
4.10 


10.85 


6.75 
15.30 


12.35 


645 
410 


7.68 
410 


26.10 
39.35 


28.20 
10.30 
7.65 


15.30 
§.30 


7.65 
15.30 


10 60 


8.25 
46.40 
7.65 


13.50 
2.30 


5,00 


440 


2.30 


2.30 


470 
7.05 
8,50 
5.30 


4.10 


5.30 
2.30 


4.26 
18.50 
6.75 
10.30 


13.80 
10.60 


51.10 
11.75 


10.00 
8,80 


4.60 


4.60 


9.40 
14.40 
17,00 
10.60 


8.20 


10,60 
4.60 


16.50 
37.00 
13.50 
20.60 


27.60 
21.20 


102.20 
23.50 


Mini FM transmitter 896118 © 
40.00 Sound demodulator for 
15.30 satellite TY receivers SO0057 @ 
16.30 * can not be supplied to readers in the UK 
JUNE 1990 
21.20 Power zener drode UPBS- 
42.40 MAY 1990 
Acoustic temperature 
maniter UPBS- 
15.30 APRIL 1990 
Digital model train (13) S7201-10@ 
Q meter SO0031 @ 
AS-292 splitter 9O0017-1 @ 
15.00 S0D017-2 @ 
16.20 
MARCH 1990 
30.60 Digital model train (12) 87201-9@ 
FEBRUARY 1990 
Digital Model Train (11) 87291-8@ 
25.90 Retlex MW AM receiver UPBS-1 
19.50 JANUARY 1990 
18.10 Mini EPROM programmer 890164 @ 
7.60 All solid-state preamplifier B90170-2* @ 
The Digital Modes tran (10): 
+ control program on disk 109 
22,30 DECEMBER 1989 
Digital Model Train B7291-7@ 
Solid-state preamp 890170-1* @ 
890170-3" @ 
20,70 
NOVEMBER 1989 
Digital Model Train (8) 
- PCB a72ol-o@ 
22.30 - EPROM 27064 872 
48.80 
16.50 
45.20 
22,30 
7,00 
16.80 
42.30 
4.60 
12.30 
92,90 
11.20 
12,30 
15.30 
16.50 
24.10 
8.20 
21.70 
19,50 
30.60 
24.70 
12.90 
8.20 
15.30 
8.20 
52.20 
78.70 
56.40 
20.60 
16.40 
30.60 
10.60 
15.90 
30.60 
21.20 
Th.sd | 
92.80 
15.30 
27.00 Availability of older items is advised by our Dorchester 
4.60 Office, tel. (01305) 250995, fax (01305) 250996. 
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September ’S6- 
February ’§7 


® HL 


BRITAIN’S BEST: SLING FLECTRONIGS cM 


Call in for your copy at WHSMITH, John Menzies and 
Maplin_stores nationwide, or order direct by mail-order 
on 01702 554000 =< Only £3.45 (plus 50p packaging) 
PLEASE QUOTE REF. MA007 WHEN-ORDERING: 


If youtive outside the U.K. send £8.45 or 21 IRCs for Airmail in‘Europe orSurface mail outside Europe; — 
£16.00 or 37 IRCs forAirmail outside Europe to Maplin MPS; RO>Box 777, Rayleigh, Essex, England SS68LU- 


* on orders over £30:00 (inclusive of VAT). Free delivery:on’ALL orders for. Business Account customers. > 


See us on the Web athttp://www.maplin.co,uk = 


